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a the problem of accurately 
controlling low volume flows in 
processing with acontrolled volume 
pump. Controlled volume pumps 
discharge a precise volume of proc- 
ess liquid . . . accurate to within 
+1%. And capacity can be varied 
continuously by automatic or 
manual means. Here are just a few 
examples of the many control ap- 
plications developed by Milton 
Roy specialists for processing: 


When the variable is flow 


An electronic pressure gage meas- 
ures flow through a venturi tube 
installed in the main line. The re- 
sulting signal is fed through a null- 
balance circuit to a characterized 
square root potentiometer which 
regulates stroke length of a Milton 
Roy controlled volume pump. 
Phosphate feed accuracy is well 
within +3% at all flow rates, and 
the system is so sensitive that feed 
rate changes as the flow rate 
changes with increasing or decreas- 
ing pressure on the main line reser- 
voir pumps. There is no appreciable 
lag. 


When the variable is 
temperature 

In exothermic reactions where 
temperature varies with catalyst 
concentration Milton Roy pumps 
control catalyst feed in response to 
reactor temperature. A pneumatic 
temperature controller transmits 
a 3 to 15 psi control air signal to 
vary the stroke length of the con- 
trolled volume pump, accurately 
adjusting catalyst feed to process 
requirements. 


When the variable is density 


Final density of a casein solution 
sprayed on tobacco is controlled 
within narrow limits by an auto- 
matically controlled Milton Roy 
pump. A density sensing primary 
measures casein concentration in 


how controlled volume pumps 
amprove process control 


In this waste treatment process, Milton Roy pumps automatically meter treatment chemicals 


in response to changes in pH. 


the main stream and transmits a 
signal proportional to concentra- 
tion to an electronic controller. 
With any deviation from the con- 
trol point, the controller automati- 
‘ally varies pump stroking speed 
through a Thymotrol, thereby 
varying the flow of diluent. 


When the variable is pH 


In the alkaline-chlorination of 
cyanide wastes and the reduction 
of toxic chromium wastes, Milton 
Roy controlled volume pumps feed 
caustic solution to raise and main- 
tain pH. The pumps are stroked by 
variable speed motors regulated by 
Thymotrol control units in response 
to electronic signals from industrial 
pH measuring systems. 


Choosing the right pump for 
control 

Accuracy must be designed into 
the liquid end. For example, ball 
checks must seat tightly at the 
eract instant the plunger changes 
direction, for 100°; volumetric effi- 
ciency. To achieve the desired re- 
sult, Milton Roy controls such 
interrelatec factors as the height 
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of ball rise, relationship of seat to 
ball diameter, ball guide design, 
specific gravity of the ball, and 
acceleration of the process liquid 
as the plunger approaches its limits. 
Selecting the right combination for 
a particular pumping job and 
choosing the best contro] mechanism 
for the process are jobs for spe- 
cialists. 


If accurate chemical feed to the 


process mainstream is one of your 
problems, look to Milton Roy's 25 
years of experience for your most 
Keep up-to- 
new control applications 


economical solution. 
date on 
with a free subscription to “Engi- 
neering Briefs’’. Milton Roy Com- 
pany, 1300 East Mermaid Lane, 
Phila. 18, Pa. 


CHEMICAL INSTRUMENTATION SYSTEMS 


Controlled Volume Pumps « Quantichem Analyzers 
Chemical Feed Systems « pH Instruments 





YOU CAN T 
AFFORD 10 MISS 


the ISA summer 


Instrument-Automation 
Conference and Exhibit 


SAN FRANCISCO 
MAY 9-12 


BECAUSE YOU WILL see displayed and demonstrated the instruments, controls and systems of the most 
inventive minds in industry—worth a million dollars in ideas. Hear noted authorities from all industries 
develop the theme of the ISA San Francisco program HIGH-SPEED COMPUTING AND INSTRU- 
MENTATION FOR PROCESS CONTROL with detailed analysis of the advancements in space, electronics, 
missiles and the challenging frontiers yet to be explored. Meet new faces with fresh approaches to instru- 
mentation application—as anxious to hear about your problems as you are to learn about their equipment. 
Acquire practical technological know-how by learning first hand of the successes and failures of others. 
Observe and participate in actual equipment assembly, teardown and reassembly directed by skilled service 
engineers at the maintenan¢ée clinics and workshops. Find no better means of obtaining the broad picture on 
all phases of instrumentation with which to base subsequent specifications and plans. Be certain of attending 
an event distinguished by 14 years of successful presentation to technical personnel— initiated, sponsored 
and endorsed by the Instrument Society of America. 





Increase your instrumentation knowledge. Plan now to attend. 
INSTRUMENT CONFERENCE, May 9-12 Civic Auditorium, San Francisco 
SOCIETY EXHIBITS, May 10-12 Brooks Hall, San Francisco 


of For advance programs and pre-registration, write to— 


AMERICA $\ Ser, INSTRUMENT SOCIETY of AMERICA 
== 313 Sixth Avenue 

Pittsburgh 22, Pennsylvania 

For Exhibit Space information, call Atlantic 1-3171 
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By avoiding knife edges, bearings and associated 
pressure-tight mechanical fittings, K & M has achieved 
almost frictionless operation in the Flexotrol Dis- 
placement-Type Liquid Level Controller. As a result, 
errors due to friction, distortion and hysteresis are 
practically nil. 

Actuation is accomplished through a torque element 
which directly transfers displacer movement to the 
controller. There are no intermediate levers. Because 
the rotation of the tube is limited (4°) and because the 
whole assembly is constructed of high-durability ma- 
has remarkable fatigue 
resistance. Tests in excess of five million operating 


terials, the torque system 


cycles have produced no detrimental fatigue effect. 


Our 80th Year 


ISA Journal 


-»+ “Frictionless” design gives 


Flexotrol’ longest life, 


stability and accuracy of 


any displacement level controller 


The controller unit utilizes conventional 3-15 psi 
signal air pressure, has a 0-150% adjustable propor- 
tional band, may be direct-, reverse- or snap-acting 
without parts change. The Flexotrol Level Controller 
can also be converted to a transmitter-controller com- 
bination. Automatic reset and rate response are 
optionally available. 


Full details are given in Bulletin 


456-1. A copy is yours for the asking. 


*Flexotrol is a trade-name of Kieley & Mueller, Inc. 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Contro] Valve Manufacturer 


64 Genung Street, Middletown, New York 
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ANNOUNCING, 


The standard ~—<— 
Type BZ Lectrodryer 
operates between 40 to 
150 psig. Special units are avail- 

able for 300 psig and higher pressure. 


NEW “BZ” LECTRODRYER 
for drying instrument air 
and other gases 


For years, Lectrodryer has been known for leadership in the design 
and production of adsorbent dryers ...with a reputation for providing 
extra peak load capacity, greater drying dependability. Now here’s an 
even better dryer for compressed air and other gases—the new Type 
BZ Lectrodryer. 

Special emphasis has been placed in the Type BZ Lectrodryer on 
sound but simplified mechanical design. It is fully automatic, supply- 
ing continuous drying with no attention other than occasional lubrica- 
‘tion. Since the valves and valve mechanism move only a few times per 
day, there is virtually no wear — unlike units which cycle frequently. 

Bulletin BZ-161 describes this new Lectrodryer in detail. For a 
copy, or for drying help, write Pittsburgh Lectrodryer Division, 
McGraw-Edison Company, 356 32nd Street, Pittsburgh 30, Pa. 
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; ' 
Every feature you've ever New, integral AC/DC input 


‘ ‘ No extra AC converter to bu 
wanted, now yours with this Built-in X-axis time base 


Operates direct from transducer 


NEW MOSELEY Accuracy, resohition == 0.28% 


Local or remote operation 


X-Y RECORDER 


and look at the broader utility 
you get with these precision 


Moseley accessories 





Digital character printer 


NEW MODEL 2D Curve follower 


Model 2D is a significantly advanced X-Y Recorder offering 
virtually every useful Recorder capability, plus a new con- 
trol panel arrangement insuring maximum operating con- Contnueus ro Srenapers 
venience. Brief specifications are: Input range 7.5 mv to 
150 v on X-axis; 5 mv to 100 v on Y-axis. X-axis time base, 5 
steps, 7.5 to 750 secs. Input resistance 200,000 ohms/v, 
accuracy and resolution + .2%, zero offset, pen speed 


20 in/sec each axis, vacuum paper hold-down. 


Call your Moseley AUTOGRAF Recorder representative “Pull-through, tear off” transport 
today or write direct for detailed data on 


Model 2D and accessories 


Data subject to change without notice. 


F.L.MOSELEY CO. 
Dept. E4, 409 N. Fair Oaks Ave., Pasadena, California 
MUrray 1-0208 TWX PASA CAL 7687 


Field representativ all principal area 


CIRCLE NO. 6 ON PAGE 91 April 1960, Vol. 7, No. 4 





2 NEW 
GENERAL-PURPOSE OSCILLOSCOPES 
introduce TEKTRONIX QUALITY to the 
DC-to-450 KC RANGE 


TYPE 503 


The Type 503 is a differential-input X-Y oscilloscope with the additional 
features—linear sweeps, dependable triggering, sweep magnifier, bright 


TYPE $03 CSCHLOSCOPE 
trace, amplitude calibrator—desirable for general-purpose applications 


FREQUENCY RESPONSE AMPLITUDE CALIBRATOR 


The Tektronix Type 503 and Type 504 are the first 
of a family of new oscilloscopes for the 
DC-to-450 KC application area. 


® Both feature high reliability, simple operation, 
light weight. 


@ Each excels in performance characteristics in its class. 


® Both now established as production instruments. 


Prices 


*625 
ey de) 


TYPE 503 
TYPE 504 


f b fa 


Tektronix, Inc. 


P.O. Box 831 + Portland 7, Oregon 
Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Ait 
) * Denver, Cc * Detroit (Lathrup Village, Mich.) * Endicott (Endwel 
eapolis, Minn. * New York City Area (Albertson, L 
Petersburg, Fla. * Syracuse, N.Y * Toronto (Willowdale, Ont.) Ca 


TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electror 
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NLY. * Stamford, Conn. * Union, NJ.) © Orlando, Fla * Philadelphia, Pa. * Phoenix, (Scottsdale, Ariz 
Canada * Washington, D.C. (Annandale, Va.) 


s; Portland, Oregon * Seattle, Washingtor 


de to 450 ke 


VERTICAL AND HORIZONTAL 
AMPLIFIERS 
Differential input at all attenuator 
settings. 
1 mv/cm to 20 v/cm in 14 
calibrated steps 


Continuously variable between steps, 


and to approximately 50 v/cm 
uncalibrated 

Constant input impedance at all 
sensitivities (standard 10X probes 
can be used). 


SWEEP RANGE 
1 usec/cm to 5 sec/cm in 21 
calibrated steps. 
Sweep time adjustable between steps 
and to approximately 12 sec/cm 
uncalibrated 

SWEEP MAGNIFICATION 
X2, X5, X10, X20, and X50 
Magnification 


500 mv and 5 mv peak-to-peak 
square-wave voltages are available 
from front panel 


3-KV ACCELERATING POTENTIAL 
5-inch Tektronix crt provides bright 
trace, 8-cm by 10-cm viewing area 


EASY TRIGGERING 
Fully automatic, amplitude-level 
selection on rising or falling slope 
of signal, or free-run (recurrent) 
AC or DC coupling, internal 
external, or line 


REGULATED POWER SUPPLIES 
All critical de voltages electronica 
regulated, plus regulated heater 
supplies for the input stages 
of both amplifiers 


SIZE AND WEIGHT 
132” h, 9%" w, 212” d— 
approximately 29 Ibs. 


TYPE 504 


The Type 504 has the basic features desirable for most general-purpose 
applications — sensitive vertical amplifier, linear sweeps, easy trigger 


ing, amplitude calibrator. 


FREQUENCY RESPONSE 
de to 450 ke 


VERTICAL AMPLIFIER 
5 mv/cm to 20 v/em in 12 
calibrated steps. 
Continuously variable between steps 
and to approximately 50 v/cm 
uncalibrated. 
Constant input impedance at all 
sensitivities (standard 10X probe 
can be used) 


SWEEP RANGE 
1 usec/cm to 0.5 sec/cm in 18 
calibrated steps. 
Sweep time adjustable between step 
and to approximately 1.2 sec/cm 
uncalibrated. 

AMPLITUDE CALIBRATOR 
500 mv and 25 mv peak-to-peak 
square-wave voltages are available 
from front panel 


HORIZONTAL INPUT 


0.5 v/cm, with variable attenuator 


3-KV ACCELERATING POTENTIAL 
5-inch Tektronix crt provides bright 
trace, 8-cm by 10-cm viewing area 


EASY TRIGGERING 
Fully automatic, amplitude-level 
selection on rising or falling slope 
of signal, or free-run (recurrent) 
AC or DC coupling, internal, 
external, or line 


REGULATED POWER SUPPLIES 
All critical de voltages electronically 
regulated, plus regulated heater 
supplies for the input stages of the 
vertical amplifier 


SIZE AND WEIGHT 
132” h, 935%" w, 21/2" dd 
approximately 29 Ibs 


Rack-mounting models will be available, of course! 


querque, N. Mex. * Atlanta, Ga. * Baltimore (Towson, Md.) * Boston(Lexington, Mass.) * Buffalo, N.Y. * Chicago (Park Ridge, Ill 
N.Y.) © Greensboro, N.C. *Houston, Texas * Kansas City (Mission, Kan.) * East Los Angeles 
* Son Diego, Calif. * San Francisco (Palo Alto, Calif 
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Tektronix is represented in twenty overseas 


* Cleveland, Ohio * Dallas, Texas * Daytor 
Calif. © West Los Angeles, Calif. * Min 
je St 


countries by qualified engineering organizations 





SCANNING \ WHAT’S NEW 


MAGNETIC MEASUREMENTS— Measurement of magnetic fields 
of complex configuration in as little as 36 hours has been achieved at Oak 
Ridge National Lab with a new magnetic field plotting system of unprece- 
dented speed and accuracy. The mechanical and electronic system, devel- 
oped and placed into operation at ORNL, automatically programs and posi- 
tions a sensitive element—known as the Hall probe—which provides a volt- 
age signal directly proportional to the strength of the magnetic field. The 
Hall probe, a thin wafer of semiconducting material measuring 1/32 sq. inch 
area, and a newly developed compensating network that minimizes the ef- 
fect of temperature variations during measurement, are greatly responsible 
for the system’s accuracy. 


NEW NBS DIVISION-—A new National Bureau of Standards scientific 
division, Atomic Physics, under Dr. Lewis M. Branscomb, has been formed by 
partitioning the Atomic and Radiation Physics Division. L. S. Taylor con- 
tinues as chief of Radiation Physics. Among major areas of research in the 
Atomic Physics division will be studies of solid state, particularly semicon- 


ductors. 


BIO-MEDICAL ENGINEERING-If real progress is to be made in 
bridging the gap between medicine and biology on the one hand, and the 
physical sciences on the other, a new breed of professional worker will 
have to be trained who is competent in both fields, claims Hans H. Zinsser, 
M.D., of the Columbia University College of Physicians and Surgeons. 
“Technology can derive very real gains from the intimate analysis and rep- 
lication of biological devices,” Dr. Zinsser states. “In the field of transdu- 
cers, orientation mechanisms and information integration, many biological 
systems transcend any mechanical systems thus far devised.” 


MANPOWER FORECAST- Over the next decade, U. S. population will 
increase from 180 to 208 million—with a corresponding growth in the labor 
force from nearly 74 million in 1960 to 87 million in 1970. Nearly half of this 
approximately 13 million increase in the working population will come from 
the under-25 age group. The number of people employed in professional, of- 
fice and sales jobs will grow the fastest with the greatest increase oc- 
curring among engineers, scientists and technicians. In other words, the 
biggest increases will occur in occupations requiring the most education and 


training. 


ENGINEERING ENROLLMENT DECLINES — In view of the 
above-noted need for engineers, a need which will steadily increase over 
the next ten years, it is disturbing to note that in the fall of 1959, and for the 
second consecutive year, undergraduate engineering enrollments in U. S. 
colleges and universities declined 5.4% in the face of an all-time high in 
general college enrollments. (Please Turn to Page 10) 
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SCANNING \ WHAT’S NEW (Continued from page 9) 


MOLECULAR ELECTRONICS-Electronic systems reduced as much 
as a thousand-to-one in size—a multivibrator half the size of a paper clip, 
switches no bigger than pencil points, and a host of other electronic equip- 
ment reduced to a tiny speck of semiconductor material — that’s the new 
look of molecular electronics. Westinghouse, developer of the devices un- 
der Wright Air Development Center sponsorship, believes the tiny equip- 
ment will bow to the industry in three to five years. The “simple” devices 
are made by creating, modifying and processing a semiconductor material 
so it can perform a predetermined function through solid state phenomena. 
Westinghouse is now considering combining several molecular electronic 
subsystems to form a system, or further research and development to build 
entire systems out of a single piece of material. 


OKLAHOMANS “MEASURE UP”’— When Oklahoma recently re- 
sumed operation of its state Bureau of Standards at the University of Okla- 
homa, it went into operation with one of the best equipped laboratories in 
the nation. Oklahoma law stipulates that all weights and measures used in 
the state must be periodically checked against the standards. 


WEATHER RESEARCH LAG-— U. S. spending on vital research in 
weather forecasting and control is lagging behind all other research in the 
country, charges Admiral Luis de Florez, consulting engineer and former as- 
sistant chief of naval research. Despite the dependence of military and com- 
mercial aviation on weather conditions and forecasting, less than $10-mil- 
lion is spent yearly on meteorological research for aviation and only a quar- 
ter-million dollars on weather control. “Actually it would be of greater im- 
mediate importance to this country to be the first to find the answer to the 
feasibility and practicability of weather control than to land a man on the 
moon, but not so glamorous,”’ Admiral de Florez says. 


ULTRA-PRECISE BALL-BEARINGS—Ball-bearings with tolerances of 
20 millionths of an inch—ten times better than standard requirements — 
have been developed at the Instrumentation Lab of Massachusetts Insti- 
tute of Technology. The ultra-precise bearings for use in gyroscopes were 
developed through the joint efforts of MIT, the Barden Corp., and the Bal- 
listic Missile and Wright Air Development Divisions of the Air Force Air 
Research and Development Command. 


TELECTROVISION-— An exciting new means of visual communication, in 
which televised live scenes or written data can be transmitted over ordi- 
nary telephone lines without any limitation of distance and no need for 
costly coaxial cables, has been announced by Telectro Industries Corp., New 
York. In addition, the televised image can be stored in an electron tube for 
later viewing, and a printed copy of the visual communication can be made 
simultaneously for permanent records. 
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HONEY WEL 


DEV 
VERSATILE 


ELOPERS OF THE ULTRA-VIOLET PRINCIPLE OF OSCILLOGRAPHY, PRESENT THREE 
EQUIPMENT... 


VISICORDER MODELS AND ASSOCIATED SIGNAL-CONDITIONING 





Honeywell 


MODEL 906 VISICORDER 


... pioneer in the field of Ultra-Violet 
direct recording 


Two models of the 906 Series Visicorder give 
youachoice of recording capacity on 6’ paper. 
The Model 906 B-1 uses high-sensitivity Series 
M sub-miniature plug-in type galvanometers 
that are directly interchangeable among all 
Honeywell oscillographs of the sub-miniature 
galvanometer type. Optical arms, therefore 
galvanometer sensitivities, are an identical 
11.8 inches in all instruments. 

The 906 B-1 provides for 14 channels of re- 
cording including two static reference traces 
—each channel operating at frequencies 
from DC to 5000 eps. It has provisions for 
recording intensity control; trace identifi- 
cation; grid line system (either inches or 
millimeters) and selectable record speeds 

(a choice of 5 interchangeable systems, 

each covering 4 speeds). 

The Model 906 B-2 is identical to the 

906 B-1, except that it uses solid-frame 

galvanometers with a capacity of 8 

channels, inciuding 2 timing or event- 

marking channels. 

Accessories available for both mod- 

els of the 906 B include a record take- 

up unit; record takeup and latensi- 

fier; relay rack adapters; and the 

Visicorder Timing Unit. 


Honeywell 


MODEL 1108 VISICORDER 


... newest of the Honeywell direct- 
recording oscillographs 
The Model 1108 delivers direct-writing Visi- 
corder oscillography at the lowest cost per chan- 
nel. Intermediate in size between the 14-channel 
906 and the 36-channel 1012, the 1108 simul- 
taneously records up to 24 channels of data on 
a record 8 inches wide. This instrument, like 
other Visicorders, records at frequencies from 
DC to 5000 eps with unparalleled galvano- 
meter sensitivities. 
Pushbutton controls give a choice of 15 
record speeds from .05 to 80 inches per sec- 
ond, and time line intervals of 1, .1 and .01 
seconds. Such built-in features as auto- 
matic record length control, grid-line in- 
tensity control, galvyanometer spot inten- 
sity control, record numbering, reversible 


record drive, trace identification, provi- 


vision for remote operation, and many 


others contribute to maximum conven- 
ience in recording high-speed analog 
data. 

As in all Honeywell Visicorders, paper 
loading, access to the interior, and 
galvanometer adjustment is easy and 
convenient. 





Honeywell 


MODEL 1012 VISICORDER 


...the most complete, convenient multi- 
channel oscillograph on the market today 
The Model 1012 has been accepted as “the most 
versatile instrument ever devised for converting 
dynamic data into immediately visible read- 
out.” It will record up to 36 channels of data 
simultaneously on 12” wide paper. It gives 
complete push-button control of 15 different 
paper speeds, from 0.1 to 160 in./sec., with 
automatic recording intensity control. De- 
signed into the 1012 are many other conven- 
ience features: daylight paper loading; re- 
versible record drive choice; switch selec- 
tion of 5 different timing intervals (.001 to 

10.0 seconds); simultaneous recording of 
amplitude reference (grid) lines; trace iden- 
tification; automatic record length con- 

trol; record numbering; jump-speed con- 

trol and provisions for remote and/or 
multiplexed operation. 

Like other Visicorders, the 1012 makes 

use of the sub-miniature galvanometer. 

All instruments are readily adaptable 


to rack and shock-mounting. 


Honeywell 


IIGNAL-CONDITIONING SYSTEMS 


A. The Model 119 Amplifier System .a 
simple and accurate 6-channel carrier amplifier, 
for use in oscillographic recording, which may be 
converted to a linear /integrating system simply 
by installing linear/integrating channels in the 
same case. The carrier amplifier is designed to 
amplify signals from resistive, variable-reluc- 
tance, differential-transformer, and capacitive 
transducers. The linear/integrate amplifier is 
used in conjunction with self-generating trans- 
ducers such as vibration pickups, etc. The 
carrier system provides recordings in the 
0-1000 cps range at galvanometer ampli- 
tudes of 8” peak-to-peak. The linear-inte- 
grate system accommodates frequencies 
from 5-5000 eps. 


B. The Model 130-2C Carrier Ampli- 
fier ... a two-channel unit for use with 
resistance, reluctance, differential trans- 
former, and capacitive transducers. Pro- 
duces 8-inch (peak-to-peak) galvano- 
meter deflections up to 1000 cps from as 
little as 0.5 mv gage output. 

C. The Model 82-6 Bridge Balance 
and Strain Indicator . . . a simple, 
accurate 6-channel unit for calibrat- 
ing, balancing, controlling, and 
measuring static and dynamic phe- 
nomena from resistive transducers. 
All three of these units are suitable 


for convenient rack mounting. 


HONEYWELL Qy A DIAMOND JUBILEE PARADE OF PRODUCTS 











TYPICAL USES OF THE 
VISICORDER 





The Visicorder record at left shows a canceller 
test of letters through a new mail-handling ma- 
chine developed by Emerson Research Labora- 
tories for the U. S. Postoffice Department. The 
Visicorder took only 3 hours to solve a 3-week 
problem of why letters changed speed as they 
went through the machine. Motor speed vari- 
ations, belt-slippage, and letter slippage in 
the drive rollers were corrected to solve the 
problem at a vast saving in engineering 
time and money. 


At right, a Visicorder record made by 
Westinghouse design engineers meas- 
ured oil film thickness on the bearing 
pad of a 67,500 kilowatt water wheel 
generator supplied for Chief Joseph 
Dam at Bridgeport, Washington. In 
these tests, oil thicknesses encoun- 
tered by the leading edge, center and 
trailing edge of the bearing were 
found to be within the limits of 
safety as predicted by engineering 

assumptions. 





MISSILE AND ENGINE ANALYSIS for test stand recording . . . for analog recording OF TELEMETERED SIGN: 

IN CONTROL to monitor reference and error signals... IN NUCLEAR TEST to record temperatures, pressures, impacts, ete. 
... IN LABORATORIES for all-purpose analysis... IN PRODUCTION for final dynamic inspection... IN COMPUTING 
for immediately-readable analog records... IN PILOT COMPONENT TESTS for rapid evaluation of prototypes ...IN ALL 
TESTS which are non-repetitive in sequence, making oscilloscopes impractical. 

Write for your free copy of the new 36-page Visicorder Applications Manual, a comprehensive, detailed guidebook to many 
varied uses of the Visicorder. 


Honeywell 
Qudustaal Product Croup 


Minneapolis-Honeywell Regulator Company, Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado. 


For further information including prices and delivery, write 


He is benefiting from a long toe in his paper— 
but has never heard of it! 





He likes to 
standardize on one 
type of paper, 
preferably white. - —— 
: up to dislike a long 
toe in paper. 


‘ 


Eugene E. Furnish (left) and his “customer,” D. L. Lim- 
bacher, head of electronic data acquisition for static missile 
tests at Edwards AFB, meet W. H. Jennens, who, as as- 
sistant manager of paper manufacturing at Kodak Park, 
makes their Kodak Linagraph 77 Paper. Mr. Furnish heads 
the static missile test group’s photographic section, whose 
data recordings on photographic paper furnish full informa- 
tion on rocket engines or, in the event of failure, establish 


its cause. 


When Bill Jennens started making photographic paper 31 years ago, the mark of quality 
was the straightness of the graph of photographic density vs. the logarithm of exposure 
producing it. This gave beautiful pictures. In days when a rocket was only a symbol for 
the Fourth of July, nothing better could be asked of paper. Now, out here on the Mojave 
Desert, Bill meets in Gene a customer who uses 80,000 feet a month of Kodak Linagraph 
7 Paper just because of the long curving ‘‘toe’’ of its graph. It signifies ability to catch 
the occasional fast-moving spot of light from a far-deflecting galvanometer while still 
giving good traces at ordinary speed. (Also, this paper is plain white instead of a delicious 
pastel color, and it stays white even after being put through a diazo duplicating machine.) 

Dave Limbacher, though duly thankful to photography for reading out his magnetic 
tape, wishes we would make our picture and let him get back to work. 

For information on Kodak Linagraph Papers and Films, write 


Photorecording Methods Division 
EASTMAN KODAK COMPANY, Rochester 4, N.Y. 
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Your FISHER /MAN offers you 


SPEEDY DELIVERY 


From the Factory Stocked 


FISHER SUPERMARKET 


Where you can shop by phone, wire or TWX 


“3 


Type 657-A with 
3500 positioner 


Type 95-H Pressure 
Reducing Valve 


i 


Type 655-A Pres- 
sure Regulator 


Series $100 and 730 
Service Regulators 


Lf 


Type 4150 and 4160 
Wizard I! Pressure 
Controllers 


hy 


Type 630 “Big Joe" 
Field Regulator 


ma 


Series 620 and 621 
Farm Tap Regulators 


4 


Series 67FR Combina- 
tion Filter-Regulator 


Series 2500-249 and 


2500-259B 
Level-Trols 


Series 99 Multi 


Purpose Gas Regulators 


Series 298T Gas 
Regulators 


Type 92B Pilot 
Operated Steam 
Reducing Valve 


This “supermarket” availability of 
Fisher Control Valves and Controllers 
makes your delivery problems a thing 
of the past. Fisher keeps a stock of the 
equipment at left always on hand 
ready to ship to you at hourly notice. 
This means emergency requirements 
are met without costly delivery delays. 
This stock of control equipment in- 
cludes all the most popular types in 


standard sizes 


In addition to the large factory stock, 
the Fisher offices in the column to the 
right which are starred carry a big 
selection of Fisher equipment in in- 


ventory to assist you. 


Fisher constantly reviews the stock 
carried in the Supermarket and adds 
new items from time to time when 


your needs indicate. 


Phone, wire or TWX (Marshalltown 
578 or 579) and Fisher will have your 
order en route in a matter of hours, 
Saturday and Sunday excepted. 


; 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT'S CONTROLLED BY... ISHER: 
FISHER GOVERNOR COMPANY ¥ 


Marshalltown, lowa fi Woodstock, Ontario / London, England 


CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania SINCE 1880 
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Now, for emergency 
needs contact 


or the representatives 
listed below. 


*AMARILLO 
Vinson Supply Company 


*ATLANTA 
J. M. Smither & Company 


BALTIMORE 
The Rhodes Controls Company 


BIRMINGHAM 
Joseph W. Eshelman & Company 


BOSTON 
Clarence B. Petty & Company 


BUFFALO 
W. J. Sommers Company 


*CALGARY-EDMONTON 


Barber Engineering & Supply Company 


CARACAS, VENEZUELA 
Sinclair Spence 


*CHARLOTTE 
Robert E. Mason & Company 


CHICAGO 


General Meters & Controls Company 


CINCINNATI 
H. T. Porter Company 
*CLEVELAND 
A. E. Ehrke & Company 
*DALLAS 
Vinson Supply Company 
*DENVER 
Joy & Cox, Inc 
*DETROIT 
DuBois-Webb Company 
*HOUSTON-CORPUS CHRISTI 
Puffer-Sweiven Company 
INDIANAPOLIS 
Acme Engineering Agency 
KANSAS CITY 
Sullivan-Mears Company 
*LOS ANGELES 
B. R. Jones & Company 
LOUISVILLE 
Allan K. Cook Company 
MARSHALLTOWN 
R. S. Stover Company 
MEMPHIS-NASHVILLE 
Johnson & Scott 
MEXICO, D. F 
Babcock & Wilcox de Mexico 
MILWAUKEE 
W. D. Ehrke & Company 
MINNEAPOLIS 
R. G. Read & Company 
MONTREAL 
Process & Steam Specialties, Inc 
“NEW ORLEANS-LAFAYETTE 
John H. Carter Company 
NEW YORK : 
Crabbe & Stebbins Company 
*ODESSA-FARMINGTON 
Vinson Supply Company 
PHILADELPHIA 
Clifford B. ives & Company 
PHOENIX 
Cone & Wallace Company 
PITTSBURGH 
J. G. Chilcoat & Company 
PORTLAND 
R. H. Brown & Company 
RICHMOND 
W. H. Kidd Company 
*ST. LOUIS 
H. D. Hale & Company 
SALT LAKE CITY 
Williams, Gritton & Wilde 
*SAN FRANCISCO 
George R. Friederich & Company 
*SEATTLE 
Power & Controls, Inc 
*SHREVEPORT 
John H. Carter Company 
TORONTO ? 
George W. Beecroft & Company 
*TULSA 
Vinson Suppiy Company 
VANCOUVER 


Northern Columbia Process Equipment 


Company 
*WICHITA-LIBERAL 
Sullivan-Mears Company 


WINNIPEG 


Mechanical Valve & Engineering Spec. 
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Billions for Chemicals 


Chemical production and re- 
search facilities costing an esti- 
mated $1.657-billion will be con- 
structed in the United States 
during 1960 and ’61, according 
to a survey made by the Manu- 
facturing Chemists Association. 
This figure includes $1.172-bil- 
lion for construction already be- 
gun and $485.5-million for pro- 
jects scheduled for completion 
before 1962. 


Sales and Earnings 


Hewlett-Packard reported net 
earnings of $1,145,621 for the 
first quarter of fiscal ’60, ended 
January 31. This is a 77.8% in- 
crease over earnings of $644,360 
in the corresponding quarter last 
year. 


Net sales of $56,451,533 of Am- 
phenol-Borg Electronics for 1959 
established an all-time record 
for the company and were 21.6% 
greater than the previous year’s 
sales of $46,430,851. 


Daystrom net income for the 
first nine months of the fiscal 
year rose to $1,405,000 or $1.54 
a share from $901,000 or 99 cents 
a share for the same 1958 period. 


Monsanto consolidated sales 
for 1959 were $811,361,741 — 
13.6% above those of the pre- 
vious year, which were $714,410,- 
345. 


Net sales of Robertshaw-Ful- 
ton for the year ended December 
31, 1959, climbed to $79,494,038, 
a 16% increase over $68,771,939 
in 1958. 


Thompson Ramo Wooldridge 
Inc., reported record sales of 
$417,748,953 for the year ended 
December 31, 1959, up from sales 
of $340,621,767 in 1958. 


Black, Sivalls and Bryson con- 
solidated net income for 1959 
was $520,799, equal to 59 cents a 
share on common stock, com- 
pared with $928,784, or $1.37 a 
share in 1958. 


Westinghouse net income in 
1959 was $85,947,000, compared 
with net income of $74,772,000 
in 1958. 


General Electric 1959 earnings 
reached $280,242,123 or $3.19 a 
share — 15% above the $2.78 a 
share earned in 1958. 


RCA sales for 1959 rose 19% 
over 1958 to a total of $1,395,- 
620,000. 


Barry Controls net sales for 
1959 were $5,686,277, compared 
with $4,627,737 in 1958. 


Contracts 


A contract to conduct research 
and development on a radiologi- 
cal analyzer for non-radioactive 
gases has been awarded Tracer- 
lab by the Office of Naval Re- 
search. 


Texas Instruments has been 
awarded two contracts by Con- 
vair Astronautics to develop and 
produce 24 telemetering systems 
for the space vehicle Centaur. 


Electronic Communications re- 
ceived a $9.5-million subcontract 
for ALRI (airborne long range 
input) electronic equipment 
from Burroughs Corp. 


Stromberg-Carlson—San Diego 
has been selected to design, 
build and install the monitor 
and control display system for 
Project Mercury, the U.S. bid 
to orbit the first manned space 
capsule. S-C, under subcontract 
to Bell Labs, will install the sys- 
tem in the NASA control center 
at Cape Canaveral. The center 
will display information about 
the flight gathered from a world- 
wide network of tracking and 
telemetering stations and several 
large computers. 


The monitor and control sys- 
tem will be housed in a room 
40 feet wide by 60 feet long. 


Sales Agreements 


Under a marketing agreement, 
the Budd Company’s Instrument 
Division will have exclusive 
marketing rights to the Datran 
Model TC22 Digital Strain Indi- 
cator. Budd has already placed 
an initial order of $75,000 for 
indicators and accessory equip- 
ment. 
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You can use this new Foxboro 
pneumatic transmitter on six 
different process measurements 


pressure — temperature — liquid level - differential pressure —- dew point- flow... 
all six with guaranteed accuracy of +42 of 1% 


Think of it... 
transmitter with matched elements for 
six different process variables. That’s the 


a universal pneumatic 


new Foxboro M /45 pneumatic indicat- 
ing transmitter. 

And with the M/45 you get: universal 
high accuracy-guaranteed at + of 1%; 
universal ambient temperature stability 


18 ISA Journal 


plant operation. Ask your Foxboro field 
engineer to tell you about it. Or write for 
Bulletin 13-30. The Foxboro Company, 
344 Neponset Ave., Foxboro, Mass. 


FOXBORO 


less than 
ture change; 


of 1% in 50°F tempera- 
universal calibration and 
A remarkable 
combination of versatility and uniform- 
ity in a single instrument. 

The new Foxboro M/45 indicating 
transmitter can extend the benefits of 
standardization throughout your whole 


simplicity of servicing. 
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vr 
A 


Model of the 
Seacat Quadruple | 


| 
| 


launcher 

with four 

model missiles 

in position. 

Short Brothers 

& Harland are 
developing the 
missile under a 
Royal Navy con- 
tract. 


Giannini Will Make Seacat’s Gyros 


Short Brothers & Harland, 
Ltd., and the Giannini Controls 
Corp. have concluded an agree- 
ment under which Giannini will 
manufacture under liscense in 
the U.S. gyros used in the Short 
Seacat anti-aircraft guided mis- 
sile. They are being developed as 
the Royal Navy’s standard close 
range anti-aircraft weapon. Sea- 
cat has also been ordered by the 
Swedish Admiralty. 

The working principle of a 
steam-driven whirling toy orig- 
inally devised about 2,000 years 


Trade Agreements 


Boonshaft and Fuchs have en- 
tered into agreement with the 
Guttinger Co. of Switzerland to 
act as sole North American rep- 
resentative for all Guttinger an- 
alog computers. Boonshaft and 
Fuchs has the right to manufac- 
ture the computers and associ- 
ated equipment. 


Wyle Manufacturing Corp. has 
appointed Telesco International 
Corp. export representative for 
all countries and territories ex- 
cept the continental U. S. and 
Japan. 


High Pressure Equipment Co., 
Erie, Pa., has been named ex- 
clusive U. S. distributor of pro- 
ducts manufactured by Barnet 
Instrument Ltd., Hertfordshire, 
England. 


ago has been adopted in Seacat’s 
gyros. This old design, known as 
the Aeolipile, a primitive steam 
reaction turbine, is described by 
Hero of Alexandria in his work 
“Spiritalia.” It consists essential- 
ly of a hollow globe or wheel 
which revolves by reaction from 
steam escaping through two bent 
pipes facing in opposite direc- 
tions. 

This principle is applied to 
Seacat’s gyros, using pyrotechnic 
charges, instead of steam, to 
drive the gyroscope. 


INTERKAMA 1960 


Prevarations for the second 
INTERKAMA — International 
Congress and Exhibition for In- 
strumentation and Automation— 
to be held in Dusseldorf, October 
19-26, have been completed. IN- 
TERKAMA 1960 will be about 
twice as big as its predecessor, 
held in 1957; about 300 exhibitors 
will be represented. 


Expansion Abroad 


Robertshaw-Fulton’s Mexican 
subsidiary opened a plant for as- 
sembly and manufacture of auto- 
matic precision control devices 
for the gas appliance industry in 
Mexico. The plant, located in 
Mexico City, went into produc- 
tion late in March. 


| 
| 





April 


Outstanding 
Accuracy 


PALMER 


Dial Thermometer 


Check these functional features 


Coil th 


onger 


° re t rive ls Tel¥iaelelal 
ystem for 


Tob Silalemmelaa*igel a’, 


any desired 
rotated 


position 


Stem can be placed at 


and case can be 


aclelelelel i: 


felale ii: 


to most 


External calibration for zero settir 


Unaffected by stem alignment 


Accurate to one scale div on 


No sticking at any temperature 


THERMOMETERS, INC, 


Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 
2515 Norwood Avenue, Cincinnati 12, Ohio 
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Today's finest, fullest line of 


RECORDERS, INDICATORS, 


POTENTIOMETERS 





RECORDING INDICATING CONTROLLING 


| 
| 


| 


Single- or multi-point Single- or multi-point Multi-point (non-indicating)—on-off 


> EE 


RECORDING CONTROLLING CONTROLLING 


Single-point Single-point—electric Single-point—pneumatic 





MECHANICAL INSTRUMENTS 


RECORDING CONTROLLING CONTROLLING PROGRAMMING 


One to four pens Pneumatic Electric proportional Pneumatic transmission 








DAYSTROM-WESTON INDUSTRIAL INSTRUMENTS include a full line of recording and controlling potentiometers with strip and circular charts; 


ISA Journal 





CONTROLLERS 





Why it pays to standardize 
on Daystrom-Weston 
Instrumentation 





CONTROLLING 


© e4 


Whether your process calls for a single- or a multi-source 
recording-controlling-programming “package”, 
you'll find the finest of its type at Daystrom-Weston. 


For accuracies as high as +14% ... simplified design... 
rugged construction ... freedom from maintenance... 
reliability even under adverse conditions—these job-tested 
SRE aE Groe-tntnenting)—prapertiones instruments are unexcelled. For sheer economy, you’ll 
RECORDING be delighted, too. Initial costs are low... and there’s a big 
bonus in long-range savings. 
The unitized potentiometers feature plug-in amplifiers, 
easily interchangeable range standards and slidewires. 
Constant current is supplied by the D-PAK®— 
Daystrom-Weston’s revolutionary solid-state unit which 
actually eliminates the need for batteries, standard cells and 
standardizing mechanisms. 
The mechanical instruments cover the complete range of 
filled thermal systems, pressure spirals and bellows, including 
pneumatic receivers, all interchangeable. Ranges are 
available from as low as —100F up to 1000F, from 
30” vacuum to 10,000 psi. 


Every model is available for a variety of mountings. 


Two-pen, two-zone 
Cases are specially designed to keep out dust and moisture 





. Withstand corrosion, vibration, mechanical and 
thermal shock. Internal construction is unusually clean in 
CONTROLLING design, providing easy accessibility to all parts. 
For full details, contact your local Weston representative, or 
write to Weston Instruments Division, Daystrom, Incorporated, 
Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. 
Export: Daystrom’s International Sales Division 
100 Empire St., Newark 12, N. J. 


“DAYSTROM » INCORPORATED 


WESTON INSTRUMENTS DIVISION 


Wedd loador in measurement aud control 


Pneumatic 








mechanical recorders and indicators for pressure, temperature and flow; and non-indicating controllefs, both electric and pneumatic. 
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HEISE GAUGES 


The Heise Gauge, 
for many years a world 
standard for precision 
pressure measurement, is 
NOW available for use in 

ranges up to 50,000 psi. 
Control of this extreme 
pressure is made possible by the 
new Heise heavy duty Bourdon 
Tube, a single unit which elimi- 

nates all internal connections. 
The Tube, made from +403 
Stainless Steel, is multi-coiled to re- 
duce unit stress and formed to a scien- 
tifically precise section by an exclusive 

Heise process. 

Mounted on the Heise integral gauge 
movement this unique element initiates a 


new concept in pressure gauge design. 











The 50,000 Ib. gauge 
features the traditional high 
quality workmanship ex- 


pected of all Heise equipment. 


Accuracy is held to 
1/10 of 1% of full scale read- 
ing in this ultra high pressure 


laboratory instrument. 


DIAL SIZEz PRICES DELIVERY 
8%2"-12"-16" from $166.75 within 30 days 


PRESSURE RANGES 
15 to 50,000 P.S.I. 


HEISE BOURDON TUBE COMPANY, INC. 


BROOK ROAD, NEWTOWN, CONNECTICUT, U.S.A. 
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COMPANIES 


4 ON THE MOVE 


New Firm 





Formal announcement of the 
formation of a new firm, Pho- 
tronics Corporation, has been 
made by its president, Hugh Mc- 
Govern, in Flushing, N.Y. The 
company will design, develop 
and produce optical, electronic 
and electromechanical equip- 
ment. 


Mergers 


American Avionics has pur- 
chased a dominant stock interest 
in Lance Industries, California 
manufacturer’s representative, 
the first in a planned series of 
acquisitions. 

Telemeter Magnetics an- 
nounced the merger of two of 
its subsidiaries, Invar Electronics 
Corp. and Digital Instrument 
Labs. 

Bowmar Instrument Corpora- 
tion has announced the purchase 
of Applied Dynamics, Inc., Ann 
Arbor, Mich. 

The CompuDyne Corporation 
has acquired Jarco Services, 
Inc., Tulsa, Okla., manufacturer 
of sensing instruments. 

Electronic Communications, 
Inc., and The W. L. Maxson 
Corp. will merge. 


Expansion 


Acquisition of an 80 acre site 
in the San Fernando Valley for 
a new “electronics center” has 
been announced by The Bendix 
Corp. A 650,000-square-foot fa- 
cility for the development of 
military and industrial electron- 
ic systems will eventually be 
constructed there. 

Borg-Warner Corp. has formed 
a new Borg-Warner Controls di- 
vision which will take over the 
personnel, products and facili- 
ties of the BJ Electronics plant. 

A new Aero Systems Engi- 
neering Division has been an- 
nounced by Aero Service Cor- 
poration. 

Westinghouse will expand its 
semiconductor facilities at 
Youngwood, Pa., by 30%. 

One of the largest environ- 
mental testing facilities for mis- 
siles in the Southeast was re- 
cently placed into operation at 
Orlando, Fla., by Associated 
Testing Labs. 





FISCHER 
ad et ©) 10 Be BD 9 


THE HIGHEST POSSIBLE QUALITY 


4 


AROUND THE PNEUMATIC ¢ CONTROL LOOP 


T Z 
RU 


WITH FISCHER & PORTER INSTRUMENTS 


There are those who would have you 
believe our manufactory naught but 
the foremost maker of FLOWMETERS. 
But we cry, “Not So”. And we have 
the courage to offer proof of an ex- 
ceedingly extravagant nature to sup- 
port our earnest denials. Proof, if you 
will, that the bonds of our PRODUCT 
LINE extend far beyond the limits of 
the estimable FLOWMETER. 


Envisage, Sirs, a “pneumatic con- 
trol loop’. Here, for example, we 
offer instruments to measure not 
merely flow, but also temperature, 
pressure, level, density, viscosity, and 
Y consistency. 


Notice how Fischer & Porter de- 
vices are available to convert the 
diverse outputs of these many meas- 
uring instruments to clear and ac- 
curate pneumatic signals to be sent 
whistling through pipes to the heart 


; of the loop...the control center. 
WRB’ 


Now note the multiplicity of Fischer 
& Porter instruments diligently per- 
forming their assigned tasks at the 
control panel. There are large and 
small case instruments with control- 
lers tucked inside. There are minia- 
ture instruments with controllers 
riding piggy-back. 

Surely, it beggars description. Yet 
this represents but a modest sketch 
of our line. For we are an INSTRU- 
MENT COMPANY. And we pride our- 
selves on the availability of an in- 
strument to fit every kink in the 
knottiest control loop. 

Need we say more? Have we con- 
vinced you? Perhaps not! 

But may we recommend that you 
spend a few precious moments with 
our Catalog Number Two? It is a 
brief presentation of our standardized 
instruments, and has won the hearts 
of instrument users everywhere. May 
we send you a copy for your own use? 


WRVVSBWAVWAVVVseass 


They Are All Buying F&P Temperature And 
Pressure Transmitters With The Fiberglass Case! 


ASK THEM WHY AND THEY WILL TELL 
you: They give the best results under 
all imaginable circumstances of use. 
There is a large clear indicating scale 
at the very point of transmission. 
Readily withstanding the onslaught 
of CORROSIVE acids, alkalis, salts, 


solvents, &c., they are proof against 
degradation by Dust and MOISTURE 
as well. So they have proved them- 
selves in actual operation and are 
pronounced by those who have used 
them THE FINEST OF THEIR KIND! 


COME ONE COME ALL 
COME ONE COME ALL 


TWICE THE TORQUE 
TWICE THE TORQUE 


NEW BELLOWS METER 
NEW BELLOWS METER 


This astounding new addition to 
the Fischer & Porter line has 
amazed the populace. Wherever it 
has been exhibited it has occa- 
sioned the selfsame response. 
Strong men cry! Ladies faint! 

Do youask why? Find a comfort- 
able seat and observe the reasons: 

Does it have twice the torque of 
old fashioned styles? Yes! Ygs! 

Does it eliminate mercury, seal 
pots, purges, &c.? YEs! 

Does it require leveling? No! 

Does it have full pressure rating 
overrange protection? YES! 

Does it control? Transmit? In- 
tegrate? Yes! Yes! Yes! 

Does it exceed all others of its 
style in workmanship, precision, 
and all-around worthiness? 


Modesty, gentlemen, prohibits a response 
But your interest will be rewarded 
with satisfaction. Our work is our bond! 





PULSATION OUTWITTED 


by the FISCHER & PORTER DP TRANSMITTER 


No more overdamping! No more underdamping! 
No more zero shift! No more phantom signals! No more diaphragm fatigue! 
No more premature replacement! 


This popular differential pres- 
sure transmitter undeniably sup- 
ports its claim as being the best in 
the world! Ever since it was first 
presented to the public its success 
has been little short of remarkable. 
Wuy? It must be that its superi- 
ority over all others is substan- 
tiated by the FACTS OF ACTUAL USE! 


AMAZING ADVANTAGES 

found in no like instrument 

e Adjustable damping in the dif- 
ferential sensing system, Gentle- 
men, which is where it should 
be. We warrant there to be no 
other method that insures you 
the fastest response, eliminates 
extraneous forces, and wipes out 
signal noise! 


e Process fluid CANNOT CONTACT 

any critical part whatsoever. A 
perfectly sealed measuring cham- 
ber filled with the celebrated 
silicone oil PROTECTS ALL WORK- 
ING PARTS. 
Its operation requires NO MER- 
curyY! And it is a rugged, sturdy, 
all-metal structure that will 
serve you well in every respect 
through the years. 


Feet Oe SB E- hk pb Bat — 
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____*‘Standardized Process Instruments’ 
____ Temperature & Pressure Instruments 
____ Bellows Flowmeter 

____ Miniature Instruments 

____53P Pneumatic Controller 

____DP Transmitter 


NAME: 


what will they think of next? 
they will think of the 


53P CONTROLLER! 


that is what 
they will think of next 


A true TRIPLE-THREAT controller! The 
same unit is used in large case instru- 
ments, plugged into miniatures, and for 
field mounting. TRUE standardization! 
In the most fastidious of processes it is 
an HONORED GUEST. 

Let this fine instrument speak for itself. 
But be advised that it SPEAKS IN A 
WHISPER, for it has a non-bleed type 
amplifying relay. 

It has the simplicity of motion balance 
design, which combined with the amaz- 
ing REGENERATIVE FEEDBACK .. . pro- 
vides the performance of force balance 
design. 


state your pleasure, gentlemen! 


To better acquaint our far reaching public with the 
BENEFITS and ADVANTAGES of our products we 
have caused to be printed handsome booklets for the 





COMPANY: 





ADDRESS: 








general edification. We will gladly post to you a selection 
of these works upon your application. Make a selection 
at your leisure from the list below. Sign your name 
and address in the generous space provided, and send 
it to us. We are your obedient servants in this as in 


all other matters. 


Fischer & Porter Co., Warminster, Pa. Dept. 2 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER (CANADA) LTD., DOWNSVIEW, ONTARIO. FISCHER & PORTER LTD., WORKINGTON, 
CUMBERLAND, ENGLAND e FISCHER & PORTER G.m.b.H., GROSSELLERSHAUSEN, BE! GOTTINGEN, GERMANY e FISCHER & PORTER N.V., KOMEETWEG 11, THE HAGUE, NETHERLANDS e FISCHER & PORTER Pty. LTD., 


184 HANNA ST. SOUTH MELBOURNE, VICTORIA, AUSTRALIA 
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100X MAGNIFICATION OF A MOUNT. 
Each division .001 in. 


a 
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- 


TubeXperience in Action 


7? 


Capillary ID size is checked under 100x magnification 


—yet this critical inspection is only 
1 of 3 used to check /D of Superior 
capillary tubing 

At Superior, in checking the ID size of capillary tubing we 
don’t rely on only one reading from our inspection micro- 
scope, we require four. Then we double-check in two other 
ways—one the use of a relatively simple plug gage, the other 
a comprehensive flow inspection to ascertain the average ID 
dimension. These inspections also give you assurance of a 


free passage through the bore, uniformity of ID surface and a 
satisfactory grain structure. 


Superior has spent years in the development of manufacturing 
processes and quality control procedures for the production of 
close tolerance capillary tubing. ODs range up to %% in., 
IDs from .004 through .040 in. Analyses include Types 304, 
316, 321, 347 and 446 stainless; also Monel, Inconel, nickel 
and carbon steel alloys. Data Memorandum No. I1 gives 
complete details—let us send you a copy. Superior Tube 
Company, 2015 Germantown Ave., Norristown, Pa. 


Syoerrir Jude 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 244 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California ¢ FIRST STEEL TUBE MILL IN THE WEST 
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SCANNING \ COMING EVENTS 


6th Flight Test Symposium Program Set 


Nearly 40 technical papers 
have been set for ISA’s 6th Na- 
tional Flight Test Instrumenta- 
tion Symposium in a top quality 
program planned by R. A. Ack- 
ley, chairman of the program 
committee. The Symposium will 
be held May 2 through May 5 
at the Hotel del Coronado in San 
Diego, Calif. 

In addition to the technical 
sessions, a group of workshops 
is planned for Tuesday and 
Wednesday afternoons. 


A special manufacturers-users 
forum on magnetic tape stand- 
ards activities within the ISA 
will be held parallel with the 
workshops on Wednesday after- 
noon. It is sponsored by the 
Aeronautical Standards Division 
and will be moderated by Floyd 
FE. Bryan of the Douglas Aircraft 
Co., Director of ISA’s Aero- 
nautical Division. Co-moderator 
is E. M. Gardiner of Boeing Air- 
plane Co., who is chairman of 
8A-RP 32 Survey Committee on 
Magnetic Tape and Tape De- 
vices. 

On the social side, a banquet 
is planned for Monday evening, 
May 2, in the Crown Room of 
the Hotel del Coronado, and 
there will be a Luau on Wednes- 
day evening. A ladies program 
is planned which will include all 
San Diego points of interest. 


Following are the workshops 
and technical sessions: 


MONDAY MORNING—MAY 2 


SESSION A ACCURACY OF FIELD 

TEST MEASUREMENTS 

Measurement of Low Temperatures, Rus- 
sell B. Scott National Bureau of 
Standards 

Dynamic Evaluation of Pressure Measur- 
ing Systems, Dr. Ferruccio G. Spadaro 
Rocketdyne 

Accuracies and Calibration Techniques of 
Turbine Type Flowmeters, O. L. Smith 
Army Ballistic Missile Agency. 

Missile Captive Test Instrumentation, Ber- 
nard J. Wierzbicke, Convair-Astronau- 
tics 

rhe Cost of Instrumentation Error, R. H. 
Dow, Aerojet General Corporation. 


MONDAY AFTERNOON—MAY 2 


SESSION B — NEW EQUIPMENT AND 
METHODS 

There will be two parallel sessions on 
Measurement Techniques and Transducers, 
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and Data Conditioning, Transmission and 
Processing. Six to eight short “exchange 
of technical information" papers will be 
presented at each session. The material 
is now being reviewed and paper titles 
and authors will be announced later. 


TUESDAY MORNING—MAY 3 


SESSION C—TEST RANGE TRAJECTORY 

INSTRUMENTATION 

Capabilities of Test Range Optical Instru- 
mentation, W. E. Mimmack, White 
Sands Missile Range. 

Electronic Trajectory Instrumentation — 
State of the Art, Vernon L. Miller, 
White Sands Missile Range. 

Pulse Radar Instrumentation — State of 
the Art, S. Sherman, Radio Corpora- 
tion of America. 

Calibration of Measuring Instruments — 
With Emphasis on Missile Tracking 
Instrumentation, J. L. Sibol, RCA 
Service Co. 

Analysis of Optimum Utilization of Meas- 
uring Equipment, Dr. John Coakley, 
Systems Planning and Research Cor- 
poration. 


SESSION D — AIRBORNE INSTRUMEN- 

TATION FOR ARMAMENT EVALUATION 

Evaluation of Infrared Radiation Aug- 
mentation, Dr. C. M. Davis, Ryan 
Aeronautical Company. 

Airborne Instrumentation Units For Fire 
Control System Evaluation in Tactical 
Aircraft, Ben F. Chartier, Hughes Air- 
craft Company. 

Evaluation of Armament Effectiveness by 
Electronic Scoring, Henry J. Louch, 
Lockheed Aircraft Corporation. 

Target Drone Telemetering, I. T. Marine’ 
Jr., Tele-Dynamics Div., American 
Bosch Arma Corporation. 

Evaluation of Armament Effectiveness by 
Optical Scoring, Dr. W. L. Nowland, 
Lockheed Aircraft Corporation. 

Evaluation of Radar Reflectivity Augmen- 
tation, Ed Prue, Sperry Gyroscope Co. 


WEDNESDAY MORNING—MAY 4 


SESSION E—DATA UTILIZATION AND 

COMPUTATION 

Application of the 704 Computer to the 
Analysis of the General Flight Test 
Aircraft and Engine Performance 
Problem, William Cutler, Republic 
Aviation Corporation. 

Calculation of Aircraft Flight Air Loads 
Using the Analog Computer, Norman 
E. Bereit, Convair-San Diego 

Evaluation of Airborne Fire Control Sys- 
tem Launch Accuracy, D. Clark Kirby 
Hughes Aircraft Company. 

The Application of Digital Techniques to 
the Acquisition and Processing of At- 
mospheric Turbulence Data, A. Richter 
and R. K. Otnes, Douglas Aircraft 
Company. 

Processing of Flight Test Records for Sta- 
bility Derivative Determination, C. E. 
Matheny and H. Carroll, McDonnell 
Aircraft Company. 


SESSION F—SATELLITE AND SPACE 

VEHICLE INSTRUMENTATION 

Some Scientific Observations from Earth 
Satellite, R. D. Shelton and A. W. 
Thompson, Army Ballistic Missile 
Agency. 

Environmental Design of Space Crafts. 
Marcus G. Comuntzis, Jet Propulsion 
Lab. 


Data Transmission and Communications, 
Dr. Eberhardt Rechtin, Jet Propulsion 
Lab. 

Vehicle Tracking and Navigation, Dr. 
Clarence R. Gates, Jet Propulsion Lab. 

Worldwide Tracking, Timing and Data 
Processing Facilities, Dr. Robert J 
Coates, National Aeronautics and 
Space Administration. 


THURSDAY MORNING—MAY 5 


SESSION G—INSTRUMENTATION 
CHALLENGES OF THE FUTURE 
Astronomical Measurements in the Space 
Age, Dr. Donald J. Farmer, Space 

Technology Laboratories, Inc. 

Biological Instrumentation — The Physio- 
logical Documentation of Man’s Ven- 
ture into Space, author to be an- 
nounced. 

Physical Measurements in the Satellite 
Environment, Dr. Alan Rosen, Space 
Technology Laboratories, Inc. 

Tracking System Requirements for Geo- 
detic Satellites, R. V. Werner, Cubic 
Corp. 

The Use of Airborne Spectrum Analyzers 
in Missile and Space Research, John 
Freyling, Gulton Industries, Inc 


Workshop Sessions 


A series of workshops will be 
conducted on Tuesday and Wed- 
nesday afternoons following the 
Technical Sessions. Following 


are the topics: 

Specifications of Transducer Accuracy 

Developments in Automatic Transducer 
Calibration 

High Temperature Measurements in Gases 
and on Vehicle Skins 

Grounding and Ground Loop Problems in 
Instrumentation Systems 

Calibration of Vibration Transducers 

Missile Environments and Qualification 
Testing of Transducers 

Influence of the Atmosphere on Trajec- 
tory Instrumentation Accuracy 

Accuracy Limitations of Optical Instru- 
mentation 

Relative Merits of Various Timing Sys- 
tems and Codes 

Comparison of Armament by: 1) statistical 
measurement of large numbers and 
2) highly instrumented measurement 
of limited numbers 

Determination of the Validity, Reliability, 
Repeatability and Accuracy of Scoring 
Systems 

Pros and Cons of Electronic and Optical 
Scoring for Evaluation of Armament 
Effectiveness 

Problems of Vehicle-Borne Infrared In- 
strumentation 

Computational Techniques in Data Anal- 
ysis 

Techniques for Handling Aircraft Per- 
formance Data 

Analysis Techniques for Stability Deriva- 
tives 

Vehicle-Borne Data Processing Techniques 
and Experience 

Missile - Borne and Payload 
Techniques and Systems 

Approaches to Missile and Space Vehicle 
Payload Measurements 

Accuracy Considerations when Planning 
Deep Tracking Capabilities 

(Please Turn to Page 28) 
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he checks and rechecks to insure you 


VG CHA 


Exact, dependable concentricity of all elements is 
vital to the precision performance of circular 
recording charts. That’s how pressroom supervisor 
Tony Schifferle gets his nom de plume of “Keeper 
of the Round”. 

Plates for printing GC Circular Charts are 
produced to minute tolerances in a unique, espe- 
cially developed process. But Tony checks them 
out with his “‘spindle’”’— checks their placement on 
the presses. During production runs and cutting, 
Quality Control checks frequent random samples 
to make repeatedly sure that every GC Circular 
Recording Chart will meet your most exacting 
requirements. 

There are, of course, many other important 

> 


RT PRECISION 


factors to the unerring, dependable accuracy of GC 
charts whether circular, strip or rectangular. 

Special papers produced to rigid specifications 
and scientifically tested to make sure they meet them 
exactly. Special formula printing inks and the most 
modern presses for the economies of high speed, 
long run production. Humidity controlled through- 
out manufacturing and storage areas to maintain 
paper stability. 

You can depend on GC Recording Charts for all 
your needs just as more than 5,000 users are already 
doing. Over 15,000 different types are carried in 
stock. Special purpose charts for your individual 
requirements can be produced skillfully and eco- 
nomically. Write for the GC Stock List and samples. 





RECORDING 
CHARTS 


Distributed by: 

TECHNICAL SALES CORPORATION 
189 Van Rencostnor St. Gaiaen ee, 8.¥. 
A Subsidiary of j ; 

‘Bono 10, 8.7. # ¥ 
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Veuilly 


makes the 


difference 


in the 


Thermo . 


&/ectronic Indicating Recorder 


No matter what your application, you can rely on Thermo Electronic Record- 
ers for unsurpassed accuracy. sensitivity and stability. Both potentiometer 
and bridge types are available. These instruments will automatically indicate 
and record any process variable (temperature, humidity, pH, conductivity. 
power, strain, etc.) that can be converted to a voltage or resistance change. 
Instrument accuracy is + 0.25% of full scale, sensitivity is + 0.125% 
and full scale pointer and pen travel is 5 seconds. The 34” scale and in- 
dicating pointer are clearly visible from a great distance. 


In use, you get a continuous fine-line circular chart record of your process. 
Recording pen rarely needs refilling. Easily interchanged ranges permit 
recording of an almost unlimited variety of process variables. 


The heart of the Indicating Recorder is the exclusive Thermo Electronic 
high-gain servo-amplifier, which couples exceptional stability (+1 microvolt) 
with extreme sensitivity. It will maintain operating characteristics even 
under the most adverse conditions. This guarantees consistently accurate 
performance in recording your process functions. Full sensitivity of the 
amplif-er is used in standardization. Two or three position controls. or up to 
six alarm contacts are optional. Built-in fail-safe action is standard. 


Your recording requirements can best be met with Thermo Electronic 


Instruments. 


Write today for Catalog 66-13 


aa | 
Se ESET Teer, 


Convenient access to all components provided by functional design 








iene 


home Electric co,ine. "New saneuv 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 
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Telemetering Meet 
is Biggest Ever 


The biggest meeting in the 
history of the National Teleme- 
tering Conference is set for May 
23-25 at the Miramar Hotel in 
Santa Monica, California. 

Seventy-one outstanding pa- 
pers on the Conference theme, 
“Telemetry — Tool for Industry 
and Defense,” have been select- 
ed and will be presented in pan- 
el form in 16 separate sessions. 
In addition, two worksnops aie 
set. 

Sponsoring societies are ISA, 
which is the 1960 host society; 
ARS, AIEE, IAS and IRE. 

The latest in  telemetering 
equipment and techniques wil! 
be displayed by leading manu- 
facturers for both commercial 
industry and the military. Ex- 
hibits will be on display in two 
large halls near the technical 
session meeting rooms. 

The following technical ses- 
sions are set: 


Monday, May 23 

Industrial Data Transmission 
Systems 

Bio-Medical Measurements 

Space Data Acquisition Sys- 
tems 

General R. F. Components and 
Techniques 

Missiles and Aircraft Tele- 
metry Workshop—R&D Needed 
in the ’60’s 

Data Processing and Presen- 
tation—Session I 


Tuesday, May 24 
PCM Progress 
General—Transducers 
Ground Stations — New Com- 
ponents and Techniques 
Industrial Supervisory 
trol 
Missiles and Aircraft — Flight 
Data Systems 
Telemetry 
sion I 


Wednesday, May 25 

Data Processing and Presen- 
tation—Session I] 

Missiles and Aircraft — En- 
vironment Measurement 

General Transistorization 
Progress 

Industrial Telemetry Work- 
shop—‘*What We Really Need 
re 

Telemetry Techniques — Ses- 
sion II 

Reliability in Telemetry 


Con- 


Techniques — Ses- 





ISA Answers 
The Safety Question 


Does electronic instrumenta- 
tion sacrifice the safety of air- 
operated systems? How can the 
National Electrical Code offer a 
safe solution to your problem? 
What is the minimum energy 
level to cause ignition? What 
ignition energy is available from 
low-level electronic and electri- 
cal circuits? How can electronic 
instruments be made intrinsical- 
ly safe? 

What are safe purging levels? 
How safe are explosion-proof 
housings? What requirements 
will be met by potting and seal- 
ing? How will electronic instru- 
ments affect the insurable risk 
and rate? 

And how’s that for a battery 
of questions on electrical safety? 
If you install, specify or manu- 
facture electrical instruments 
for hazardous areas, you need to 
know the answers. They’re 
available — at ISA's First Sym- 
posium on Safety for Electrical 
Instrumentation in Hazardous 
Areas. 

The Symposium, presented 
jointly by ISA’s Wilmington 
Section and the Standards and 
Practices Department, will be 
held May 2 and 3 at the duPont 
Country Club in Wilmington, 
Delaware. 

Eight papers will be present- 
ed, four at each morning session. 
Afternoon sessions will feature 
question and answer periods, 
plus panel discussions by the 
morning speakers. 

Papers to be presented in- 
clude The Electrical Code and 
the Underwriters Laboratory, 
Electrical Ignition of Flammable 
Gases, Minimum Electrical En- 
ergy for Auto-ignition of Gas 
Mixtures in Instrument Cases, 
Intrinsic Safety, Considerations 
in Instrument Case Purging, Ex- 
plosion-proof Enclosures, Elec- 
trical Protection by Potting and 
Sealing, and Insurable Risks. 
For authors and abstracts, see 
March ISAJ, page 25. 

There will be a banquet at the 
duPont Country Club on Mon- 
day evening, May 2, at 6:30 p.m. 

Master of ceremonies will be 
W. A. Crawford, principal in- 
strument engineer with duPont. 
Banquet speaker will be Capt. 
William Eddy (USN Ret.), TV 
Associates, Michigan City, Ind. 

(Please Turn to Page 31) 


NEW AUTOMATED 


AM DANG) = SON (CRY PAG e BOE dD 
housed in... 


ENCOR 


A CABINETS 


Design characteristics of EMCOR 
standard cabinets allow for easy 
accessibility to all electronic 


equipment and instruments. 


Condensed 

Version of 
.. catalog 106 

available 


ean 





upon request 


A new “teaching machine,” specifically de- 
signed to meet the needs of complex modern 
industrial and military programs has been de- 
veloped by Western Design, Division of U. S. 
Industries, Inc., Goleta, California. Called the 
“Tutor,” the new automated device housed in 
an EMCOR Sloped-Front Console Cabinet en- 
sures active participation by the student, while 
simultaneously grading his work and timing 
his performance. The use of an EMCOR Modular 
Enclosure in housing the nerve center of the 
“Tutor” presents a compact and centralized 
control center. Human engineering features of 
the Modular Cabinet design bring all equip- 
ment within easy reach and sight of the opera- 
tor. The flexible, versatile and structural capa- 
bilities of over 600 basic frames of the EMCOR 
MODULAR ENCLOSURE SYSTEM solve the daily 
packaging problems of industrial and military 
design engineers. 


Originators of the Modular Enclosure System 


ELG 
630 C 


IN METALFORMERS CORP. 
ONGDON, DEPT. 


1222 © ELGIN, ILLINOIS 


“Registered Trademark of Elgin Metalformers Corporation 
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28 3000 32 


TEMPERATURE, °F —> 


Measure temperatures 


up to 4000°F 
with 


Honeywell Thermocouples 


Precise measurement of high temperatures is almost an 
art. Working effectively with temperatures over 2800°F 
calls for an intimate knowledge of both materials and 
methods. Honeywell’s long experience, combined with 
an intensive basic research program, have produced 
special techniques and equipment for precise measure- 
ment of high temperatures. 


The thermocouples listed below—tungsten-rhenium, 
molybdenum-rhenium, and 40% iridium + 60% rhodium- 
iridium —are the best available combination of cali- 
bration stability, reproducibility and physical strength. 
Although the temperature-emf curves shown above are 
still tentative, they are based on substantial scientific 
studies conducted independently in several different 
laboratories. 


HIGH TEMPERATURE ASSEMBLIES WITH PROTECTING TUBE* 


Honeywell’s research at the Hopkins Research Center 
is aimed at discovering more and more practical informa- 
tion on high-temperature thermocouples and passing the 
results on to you. 


For more information, call your Honeywell Field Engi- 
neer .. . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
’ Fiat we Control 


NCE 186865 


HIGH TEMPERATURE ASSEMBLIES WITHOUT PROTECTING TUBE* 








Maximum 
Recommended 
Temperature 


Tube Dimensions 
Tube & Insulator 1.0. C.D. 


Calibration Material (in. (in.) 


Maximum 
Recommended 
Temperature 


Insulater Dimensions 
Insulator 1.D 0.0 


Calibration Materia (in.) (in.) 








3200°F 
4000°F 


ALUMINUM OXIDE 3/16 5/16 
BERYLLIUM OXIDE 1/4 3/8 


TUNGSTEN- 
RHENIUM 


ALUMINUM OXIDE 0.028 0.140 
BERYLLIUM OX!DE 0.028 0.130 


TUNGSTEN- 
RHENIUM 


3200°F 
4000°F 








MOLYBDENUM- 
RHENIUM 


40% IRIDIUM-+ 
60% RHODIUM- 
IRIDIUM 


ALUMINUM OXIDE 3/16 5/16 


6 


3000°F 





3200°F ALUMINUM OXIDE 3/16 5/1 
3600°F §BERYLLIUM OXIDE 1/4 3/8 


MOLYBDENUM- 
RHENIUM 


40% !RIDIUM-+- 
60% RHODIUM- 
IRIDIUM 


3000°F ALUMINUM OXIDE 0.028 0.140 





ALUMINUM OXIDE 0.028 0.140 
BERYLLIUM OXIDE 0.028 0.130 


3200°F 
3600°F 





*Most assemblies available in 5”, 11% 17”, 20%, 23” and 29” immersion lengths 
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TexasA&M 
Symposium 

Texas A&M will hold its an- 
nual symposium on “Instrumen- 
tation for the Process Indus- 
tries” on the campus at Bryan, 
Texas, April 20-22. 

In addition to the keynote ad- 
dress and eight technical papers, 
there will be an exhibit of new 
products. The usual evening din- 
ner will feature the famous 
“Texas A & M Screw Ball 
Award.” 

Keynote addresses will be giv- 
en by A. O. Beckman, president 
of Beckman Instruments, Inc., 
and Kermit Fischer, president of 
Fischer & Porter. 

Dr. Beckman will speak on 
“Process Instrumentation— 
Problems, Progress and Prom- 
ise.” Mr. Fischer’s subject will 
be “Hardware and Human Prog- 
ress — Instrumentation.” 

The technical papers to be pre- 
sented include: 

Computer Control without 
Hardware, J. A. Parker, Shell 
Chemical. 

Pipeline Automation with Dig- 
ital Computers, R. G. MaclIner- 
ney, Librascope Corp. 

Effect of Pressure Recovery 
on Control Valve C,, Paul Wing, 
Mason Neilan Corp. 

Instrumental Methods of Anal- 
ysis and How This Is Taught at 
Texas A&M, Dr. R. D. Whealy, 
Texas A & M Chemical Depart- 
ment. 

Comparison of Analytical and 
Practical Methods of Design, Dr. 
A. L. Davis, Rice Institute. 

The Application of Analog 
Computer Techniques in the 
Study of Chemical Reaction 
Variables, L. Griffith, Celanese 
Corp. 

Problems Encountered in 
Batch Flow Meter Installations, 
T. L. McCoy, Columbia Southern 
Chemical. 

Economics of Computer Con- 
trol, F. C. Schneider, Librascope 
Corp. 

Mr. Parker’s paper, “Comput- 
er Control without Hardware,” 
will discuss computer controls 
using an off-line digital comput- 
er. Economics of Computer Con- 
trol, by F. C. Schneider, will dis- 
cuss the justification and relia- 
bility of in-line computation. 

Dr. Davis’s paper, Comparison 
of Analytical and Practical 
Methods of Design, will be con- 
cerned with the use of frequen- 
cy response. 


if you think this looks like CEC’S 5-752... 


YOU’RE 
ONLY 
HALF 
RIGHT — 


Tieias beats esos tenia ia. 
improved version of the famous 5-752 
Recorder/Reproducer. We call it 
Model 5-752A, and it represents the 
culmination of years of engineering 
time and practical experience. 


Never before such versatility. 


oa ppae ik tae a 
FM, PDM, CM, Digital. CEC’s 
5-752A can Handleany ofall othe, | 
with interchangeable Plug-In Amplifiers 
for five modes of recording or playback. 


Monitoring versatility too. 
The 5-752A features optional 
monitoring, either local or remote, 
of Signal Input/Output. True 
head-current monitoring also. 


New features. 


it’s all-steel, all-welded .. . all-rigid, 
too, for such rough environments as 
mobile or marine installations. And a 
new, metal-framed, transpar2nt cover 
closes dust-tight on a gasket seal... 
gives protection where it counts, 
over the tape and heads. 














Specially designed CEC Current 
Amplifiers slide right into place. . 
boost reproduce amplifier signal 
output... give galvanometers, chart 
recorders, and other allied 
instrumentation the whole story, 
loud and clear. 


For complete information on this most 
versatile of instrumentation recorders, 
call the CEC sales and service 
office nearest you, or write for 
Bulletin CEC 1576-X44, 


DataTape Division 
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CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


A SUBSIDIARY OF Bell&Howell + FIVER PRODUCTS THROUGH IMAGINATION 


YOU 
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CAN. DEPEND UPON PM 


POSITIVE 
OVERLOAD 
PROTECTOR 


LOAD CELL ovER Load PROTECTOR 


PEAF OR, mane fom owpan’ 
MANC ments c 
Yemen LSOE ASSORTED ect 


New device protects up to 
10 times load cell capacity 
without impairing accuracy 


New .. . tested and proved to protect 
ten times load ceil capacity, PM's Over- 
load Protector, designed by Lebow As- 
sociates, eliminates ‘down time’ and re- 
placement costs due to damaged strain 
gage load cells. This is the first practical 
protector made that retains the load 
cell’s original accuracy during or after 
overloading, either in tension or com- 
pression. Used wherever there is 
danger of breakdown due to possible 
shock loads. 


Unique dynamometer 
application of two Over- 
load Protectors now being 
used to obtain an extended 
range reading beyond the 
capacity of one load cell. 
Two load cells (low and 
high range) enclosed in 
Overload Protectors, are 
mechanically connected in 
series. The low range cell 
is read to the top of its 
range and the high range 
cell is then read for the 
remainder. 


PM produces instruments to measure: 
LOAD + THRUST + TORQUE + FLOW 
WEIGHT-TEMPERATURE* DISPLACEMENT 
VOLTAGE + PRESSURE with the highest 
accuracy attainable in industrial and lab- 
oratory applications. 


RFORMANCE MEASUREMENTS 
COMPANY 
15120 Third, Detroit 3, Michigan 
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ADINACTION—Try It On For Size 


The term “automation” has its place 
in certain manufacturing operations; 


but I, for one, 


think the word has been 


sadly overworked. A major difficulty 
rises in trying to develop an accept- 
able definition for automation in terms 
of any other industrial operation. 


Perhaps each industry should have 


its Own term 


for it—as a matter of 


fact, I have found some support for 
this idea in the petroleum industry. 


With this in 
propose such 


mind, I would like to 
a term for inclusion in 


the lexicon of the oil industry. 

While the following “resolution” is 
a whimsical way of expressing my 
thoughts on the subject, my proposal 
has its serious side, and perhaps we 
should try it on for size. 


WHEREAS: 


WHEREAS: 


WHEREAS: 


WHEREAS: 


WHEREAS: 


WHEREAS: 


WHEREAS 


NOW, BE IT 


The application of de- 
vices—mechanical, elec- 
trical, electronic, hy- 
draulic—to replace hu- 
man effort and/or de- 
cision has been called 
“automation,” and 
Automation in one in- 
dustry is not the same 
as automation in other 
industries, and 
Automation means dif- 
ferent things to differ- 
ent persons, even with- 
in one industry, and 
Automation can be ap- 
plied in any degree to 
any Operation, and 
Automation, within the 
context of the defini- 
tion above, has been 
applied in the petrol- 
eum industry, particu- 
larly in refining, for the 
past 20 to 30 years — 
long before the word 
“automation” was coin- 
ed, and 
The ultimate in auto- 
mation, also within the 
context of the defini- 
tion above, would be 
such complete mecha- 
nization and automatic- 
ity as to leave nothing 
for us poor humans to 
do, and 

AND BESIDES 
WHICH: We don't 
like the word “automa- 
tion” — 
HEREBY RESOLVED: 
That the application of 


AND BE IT F 


devices to replace hu- 
man effort, effect econ- 
omies in operation, and 
otherwise achieve opti- 
mum use of any or all 
product sources in the 
petroleum industry be 
given a new name, said 
name being “coined” 
from the initials or first 
few letters of the words 
which comprise and so 
aptly describe that 
which is now called 
automation as it ap- 
plies to the oil industry 
(ADvanced INstrumen- 
tation And Computer 
Techniques In the Oil 
Nep), to wit—ADIN- 
ACTION. 
(The word “NEP” is 
shown in Webster as 
an accepted short form 
of “New Economic Pol- 
icy.” This policy is bes* 
implemented by ADIN- 
ACTING in all phases 
of the industry. The 
ceuphony of the word, 
which expresses one 
form of what is being 
done—to wit, “Addin’ 
Action!”— should not 
be overlooked.) 
URTHER RESOLVED: 
That for those who do 
not care to establish a 
NEP which provides 
for all necessary means 
with which to ADIN- 
ACT, they may permit 
the final N in ADIN- 
ACTION to stand for 
NIGHTMARE, for that 
is what their business 
will soon be if they 
have not ADINACT- 
ED in step with their 
competitors. 
R. R. Proctor 
The Pure Oil Ce. 
Crystal Lake, Illinois 


Needed: Nonconformists 


(Not Beatniks) 


Your 


I think it did 


editorial 
Around Our Neck” (p. 39, ISAJ 2 
60) struck me right between the eyes. 


“The Millstone 


n't go far enough! It’s 





true — education is the key to success 
in almost all fields of endeavor; but, 
what kind of education? It appears to 
me that education today tends to teach 
all children to conform — don't be 
different! What we really need are 
nonconformists — inner-directed peo- 
ple, sometimes obstreperous, but cre- 
ative people, who are not afraid to 
upset the apple-cart by asking why? 
(And I don’t mean beatniks.) People 
who can think up new and better ways 
of doing things! 
Nowadays, a college degree is just 
a way of getting more money. Many 
college graduates may have a sheep- 
skin, but are they well-informed peo- 
ple? They may know “readin’, writin’ 
and ‘rithmetic,” but I don’t think they 
are educated. They just don't know 
people and what makes them tick! 
Forgive me for intruding but I feel 
better now! 
Mrs. Phyllis Knight 
W ahl-Henius Institute 
Chicago, Illinots 


How Many Men Per Instrument? 


From time to time, ISAJ has pub- 
lished articles on instrument depart 
ment manpower and organization, in 
which the number of instruments in 
a plant was proposed as a gage of the 
number of instrumentmen required 
for that plant (p. 46, ISAJ 10/59; p. 
64, ISA] 3/60). This is one line of 
thinking to which I cannot entirely 
subscribe. The manpower requirement 
depends on numerous factors other 
than the number of instruments. Some 
of these factors are worthy of more 
emphasis than they get in discussions 
on manpower requirements. 

Among factors governing the size of 
the instrument department, we should 
include: 





1. Number of instruments. (as al- 
ready noted.) The work load will 
obviously increase with the num- 
ber of instruments. 

Type of Instruments. In general, 
the more complex instruments re- 
quire more maintenance and serv- 
icing. 

Age of Instruments. This can af- 
fect the work load either way. 
Usually, the older the instruments, 
the more maintenance they re- 
quire. It is also generally true, 
however, that the older instru- 
ments are less complicated, which 
would indicate a lower require 


wm e 
ment for servicing. W, e S t ¢ ‘@) n | Cc S , INC. 


Location of Instruments. It will 3605 McCART STREET ye FORT WORTH, TEXAS 
require more manpower to do the 
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2000°F 3000°F 4000°F 


on-0-Pak thermocouples 
reak the 4000 F barrier 


It is now possible to measure temperatures accurately in vacuums or inert 
atmospheres to 4000°F and above with a single homogeneous assembly. 
Due to their homogeneous structure Con-O-Pak thermocouples can be formed 
around an exceedingly small diameter without loss of insulation resistance or 
dielectric strength. By combining a tantalum sheath, beryllium oxide insula- 
tion and tungsten/rhenium conductors, Continental Sensing has achieved a 
thermocouple accurate to 4000°F. Tungsten/rhenium thermocouples produce 
a relatively high EMF and are extremely sensitive to temperature change. 


ee Rhenium-tungsten thermocouples have been cali- *k 
brated to 4000°F with an accuracy of O.1 mv. j 


For accurate temperature measurement to 3000°F in oxidizing 
atmospheres, Con-O-Pak provides thermocouples with platinum/platinum 
rhodium conductors and beryllium oxide insulation in a platinum/rhodium 
sheath. Calibration curves are available for all noble metal thermocouple 
combinations. 

Con-O-Pak thermocouples cover the complete temperature 
range from —268°F to +4000°F. They are available in diameters from 
.025” to .312” and with a wide variety of junctions and terminations. 


From ‘'Calibration of Thermocouples to 4000°F’’ by J C. Lachman— 
Instruments and Control Systems, July, 1959. 


NEW! con-0-Pak Stripper Kit for rapid hand LON PK 
baring of metallic sheathed thermocouple wire 

from .025” to .250” O.D. Complete with 6 heads 

and 5 extra precision ground tool bits. 


Write for full informa- 


tion. . .""The Con-O-Pak (fH 7 
Story” gives construc- man = PAR 
tion details and quality. nue y - 


Data sheets give specs 
end eppiceton cote. CONTINENTAL SENSING, INC. 
1950 North Ruby Street, Melrose Park, Illinois 


FLEXIBLE AND SHEATHED THERMOCOUPLES © THERMOCOUPLE WIRE © HEATING ELEMENTS e CONNECTORS 
CIRCLE NO. 25 ON PAGE 91 
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service work on a given number 
of instruments if they are spread 
out over a large area, than if the 
operating units are closely 
grouped. 


Type and/or Age of Operating 
Units. It is an acknowledged fact 
that you will get more operator 
complaints and calls for service 
from operating units which run 
rough or are hard to operate, than 
from those which run smoothly. 


Operating Personnel. You will get 
fewer complaints and calls for 
service from operators who have 
an appreciation of instruments and 
who use them properly than from 
operators who dislike them and 
abuse them. 


Quality of Instrumentmen. Con- 
scientious instrumentmen who 
know their stuff will naturally get 
more work done than those who 
lack these qualities. 


Absenteeism. This problem is be- 
ing aggravated by the general 
trend toward more extensive va- 
cation privileges. In one refinery, 
which has about 60 employed in 
the instrument department, de- 
partment supervisors have to plan 
on three to four members being 
absent every day of the year due 
to vacation or sickness. 


Instrument Department Organiza- 
tion. It goes without saying that 
your system of organization will 
affect the amount of work you can 
get done with a given number of 
people. And, of course, you can’t 
always use the system or organiza- 
tion which you consider to be best. 


How much Preventive Mainte- 
nance? Some plants have elabo- 
rate maintenance programs. Others 
don’t touch anything until it 
breaks down. The attitude you 
take toward maintenance will have 
an influence on the number of in- 
strument men you need. 


Because of these many factors, I feel 
that experience is the guide to the 
correct number of instrumentmen for 
any particular plant, rather than any 
fixed rule based on number of instru- 
ments. In short, the number of men 
you should have is the number you 
need to get the work done. This you 
find out by trial and error, and by 
consulting with your counterparts in 
other plants. 

J. R. Connell 
Imperial Oil Limited 
Sarnia, Ontario 
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A dynamic new force in computing control is 
now available to the process industries. 
Foxboro, and the Radio Corporation of America, 
contributing their individual capabilities, 
bring industry its first completely 

integrated computing control system. 

From Foxboro, the instrumentation, the 
knowledge of process dynamics. From RCA, 
the digital computer, and its special 

electronic techniques. A breadth and depth 
of talent available with overall systems 
responsibility through The Foxboro Company, 
When you are investigating the feasibility 

of computing control, look into this new force. 
The Foxboro Company, 314 Norfolk Street, 
Foxboro, Massachusetts, U. S. A. 


FOXBORO 
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VARIAN 
Temperature 


RECORDERS 


Most versatile and usefu/ 


because... 


Oo to 
227OF roo Fs 
—_—_———__ 


6, THEY'RE PORTABLE AND 


MULTI-RANGE 


Nine plug-in elements adapt 
this G-11A thermocouple re- 
corder to any range — cold as 
liquid nitrogen, hot as 2200°F, 
or as specific as 30° to 220°F 
Being portable, it goes wher- 
ever there’s temperature to 
measure — research in the lab, 
checkout in the factory, or 
troubleshooting in the field 


The temperature recorder is a 
th T-2 input chassis 

reference jun 
r d plug n 
range elements as shown. Other 
nput chassis nvert the recorder 
to general use. Fahrenheit or Centi- 
grade charts available. For full 
t | r trument 


Jeta Division 


A 


VARIAN 
associates 


PALO ALTO 24, CALIFORNIA 
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Oscilloscope E-I curve trace comparison of tunnel diodes (left to 
right) made from germanium, silicon, and gallium arsenide. These 
indicate the superior performance of the new gallium arsenide 
tunnel diode material now being tested by General Electric Co. 


New Diode Works Above 4 Billion Cycles 


General Electric research sci- 
entists have announced success- 
ful performance of tunnel diodes 
made from gallium arsenide at 
oscillation frequencies of 4400- 
megacycles. Tests indicate that 
this new diode material will op- 
erate at well above 10,000-mega- 
cycles. GE officials plan to make 
samples of these new miniature 
diodes available to circuit de- 
signers in about 4 months. 

The tunnel diode is the latest 
member of the solid state elec- 
tron devices family. It has ad- 
vantages the transistor does not 
have—operation at higher fre- 


quencies and relatively insensi- 
tive to temperature changes and 
nuclear irradiation. 

The GE gallium arsenide diode 
has exhibited peak-to-valley cur- 
rent ratios as high as 60 to 1, 
compared to a ratio of 14 to 1 for 
some germanium tunnel diodes. 
Its voltage swing is up to 1.2 
volts. Current density is from 5,- 
000 to 10,000 amperes per square 
centimeter. The gallium arsenide 
tunnel diode is capable of handl- 
ing 4 times as much power as 
germanium tunnel diodes and 
triggering transistors at high 
speeds. 


Tunnel Diodes Improve Too Fast 


New models of Esaki tunnel 
diodes being developed at Bell 
Telephone Laboratories are so 
fast in their performance that 
they challenge present stabiliza- 
tion techniques. One such diode 
has switched a quarter volt in 
less time than it takes light to 
travel 2% inches. Scientists at 
Bell Labs are now developing 
techniques for stabilizing and 
evaluating the characteristics of 
these new devices. 


An Esaki diode is a semicon- 
ductor which exhibits a negative 
resistance region in its voltage- 
current curve. This negative re- 
sistance multiplied by the junc- 
tion capacitance gives a time con- 
stant which indicates the relative 
merit of the diode. A smaller 
time constant corresponds to a 
higher figure of merit. To make 


direct measurements of the neg- 
ative resistance and junction ca- 
pacitance, the diode is stabilized 
in its negative resistance region 
by shunting the diode with a re- 
sistor. This resistor is made equal 
or smaller than the negative re- 
sistance of the diode. With suf- 
ficiently small series inductance 
in this connecting circuit, the 
combined diode and shunt will 
show a voltage-current curve 
which is stable and can be plot- 
ted. By subtracting the voltage- 
current characteristic of the 
shunt from the total curve, the 
diode characteristic can be ob- 
tained. At Bell Labs this has 
been done automatically, thus 
giving a direct plot of the volt- 
age-current curve of the high 
speed diode. This method is also 
used for measuring junction ca- 
pacitance. 
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Introduced in 1947... 


Continuously improved 


ait | TRACKING 


M Oo oO we e P R oO D U C TS C oO Offices: ATLANTA, BOSTON, CHARLOTTE, CHICAGO, 


CLEVELAND, DETROIT, HOUSTON, LOS ANGELES, LOUISVILLE, 
H & Lycoming Sts., Philadelphia 24, Pa. NEW ORLEANS, NEW YORK, PHILADELPHIA, PITTSBURGH 


In Canada: Moore Instrument Co., \td.—TORONTO Branch: MONTREAL 
Manufacturing Licensees in: THE BRITISH COMMONWEALTH, FRANCE, GERMANY, ITALY 
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New Products Score 


at Spectroscopy Show 


As always, the Pittsburgh 
Analytical Chemistry and Ap- 
plied Spectroscopy Conference- 
Exhibit introduced the year’s 
top new instruments in the lab- 
oratory line. This year’s meet, 
eleventh in the series, held Feb- 
ruary 29 through March 4, set 
an all-time high attendance of 
3625 — up 14° from 1959. 

Of the dozens of new instru- 
ments being displayed for the 
first time, only a few can be list- 
ed, representative of those at- 
tracting most attendee attention. 
(For more data on the new prod- 
ucts, circle the number at the 
end of each writeup on Inquiry 
Card, page 91. 

Applied Research Laboratory 
showed an X-Ray Electron Mi- 
croprobe capable of focusing its 
beam down to an area as small 
as % micron in diameter, thus 
producing analyses from exceed- 


Beckman’s 
booth was busy 
with visitors 
eager to learn 
about their new 
Model DB Ultra- 
violet Spectrome- 
ter—a direct- 
reading, double- 
beam analyzer de 
signed for fast 
working between 
220 and 700 mu 
wavelengths. A 
new mirror vib- 
rating unit di- 


ingly small volumes of sample 
within a material; plus a new re- 
cording Console (Model 24,000) 
accomodating 24 phototubes to 
simultaneously integrate and se- 
quentially record analyses. One 
obvious application for these 
new instruments: analysis of the 
micro quantities of metals used 
in semiconductors. Circle No. 
501. 


A Nitrogen Analyzer (Model 
29) was exhibited by Coleman 
Instruments, incorporating sev- 
eral outstanding new compo- 
nents plus automatic program- 
ing to produce, fully automatic- 
ally, routine nitrogen - analyses 
fast—down to 0.01% level, and 
accurate to +0.15% of theoretic- 
al. Circle No. 502. 


Three other noteworthy new 
instruments are described in 
photos and captions below. 


rects the monochromatic beam alternately through reference and sample. Meter 
system reads out directly in absorbance and percent transmission, convertible to 
true percent transmission, by adding a wavelength-drive attachment plus a re- 
cording potentiometer. UV range resolution—1.2 mu; visible range—4.0 mu. 
Beckman claims it’s the lowest-priced recording spectrophotometer available. 


Circle No. 503. 





Although it’s entirely self-contained 
and portable (47 Ibs in aluminum suit- 
case) Perkin-Elmer’s new Mcdel 213 
hydrocarbon analyzer has 0.1 ppm sen- 
sitivity—usually found only in big, 
complex and costly instruments. All 
of which makes it ideal for detecting 
atmospheric hydrocarbon (auto ex- 


haust, air pollution) in urban areas, 
vehicular cunnels, etc.; and for check- 
ing auto muffler and afterburner per- 
formance. It's already at work at sever- 
al missile launch sites checking trace 
petroleum residues in liquid oxygen 
fuels—"“Lox"—to prevent recurrence 
of several explosions due to such con- 
tamination. It uses flame-ionization de- 
tection, reading out on indicating me- 
ter in ranges from 0-1 ppm to 0-10%. 
Cost—$1575; response time—2_ sec- 
mds. Circle No. 504. 


Bausch & Lomb announced at last 
month's Pittsburgh Spectroscopy Show 
their new Model 505 visible-UV, fully- 
automatic, double-beam, grating, re- 
cording spectrophotometer, priced 
50% below other like recording ana- 
lyzers ($3685). It’s outstanding fea- 
tures: Automatic wavelength speed 


control; built-in wavelength calibrator, 
external dual lamphouse, air-cooled 
hydrogen lamp, new monochromator 
design, and outsize sample compart- 
ment. Removal and replacement of 
components is easy due to modular 
construction: most maintenance can be 
done “on the spot.” Two B&L 1200- 
groove/mm diffraction gratings yield 
10 times greater dispersion than quartz 
prisms (visible range). Circle No. 505. 


The job is too big for a bellows, one man said . . . and 
another job was too small for a bellows. 

“But let’s not be too quick,” suggested the project engi- 
neer in each case, as he pulled out his Robertshaw folder. 

In both instances we worked closely with the engineer, 
bringing along the most extensive know-how in bellows manu- 
facturing. (After all, we invented the original Sylphon® seam- 
less bellows! ) 

Solved both problems . . . proving again there’s no job 
too large or too small for a bellows application. 

We're now producing bellows of stainless steel, beryllium 
copper, bronze, monel, inconel, inconel-X and other metals, 
depending on physical characteristics desired. 

Every Robertshaw bellows is designed for a specific ap- 
plication which it performs admirably, tirelessly, eco- 
nomically. 

Why not let us show how Robertshaw bellows can 
answer your problem of flexibility, expansion, linkage or con- 
trol? Just ask for Catalog CU-1400, Fulton Sylphon Division, 
Robertshaw-Fulton Controls Co., Knoxville 1, Tenn. 


CIRCLE NO. 30 ON PAGE 


April 1960, Vol. 7, No. 4 


39 

























For the 
exacting needs 

of exacting 
instrumentation 









Gillen instrument pivots 
are precision-machined 
from high grade carbon 
tool steel, heat treated 
for glass-hard bearing 
points, highly polished 
and ready for assembly. 







% 







Write for complete information 
Samples /Sizes /Prices 







TYPE OF KEYING. 





JOHN GILLEN 
COMPANY 


2544 South 50th Avenue 
Cicero 50, Illinois 








EVERY 





SUBSIDIARY OF STANDARD RAILWAY 
EQUIPMENT MANUFACTURING COMPANY 
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Plane passing automatic landing equipment during test run. 


Landing Two Planes 
A Minute—With No Hands 


Can you remember a time 
when you sat in a plane circling 
| the airport for hours while it 
| waited its turn to land? If so, 
then buck-up, for relief may soon 
be at hand! 


A new system, developed for 
| the Air Force by Bell Aircraft, 
| uses radar to track the plane and 
| 





radio to transmit control instruc- 
tions to the plane’s autopilot. 
Fully automatic, “hands-off” 
control throughout final ap- 
proach and touchdown is pro- 
vided. However, pilot may as- 
sume control at any time. 


Precise tracking radar “locks 
on” the plane when it flies 
through an electronically scan- 
ned area, from two to four miles 
from the end of the runway. 
Plane appears as a small dot on 
radar screen, permitting moni- 
tors to check proper rate of de- 
scent and glide path. 


The picture at right shows a 
monitor at the control console 


guiding two planes to automatic 
landings. The positions of the 
planes appear as dots on the os- 
cilloscope screen. If the planes 
are not maintaining proper ap- 
proaches, the system gives an 
automatic “wave-off.” 

Even in adverse weather, this 
most modern, all-weather auto- 
matic landing system can land 
two planes in one minute. 








SKINNER 3-way Solenoid Valves 


New 


: 


Hl Atimner Aolenvid 
Vidoes ade... 


SIMPLE— Only two moving parts in direct acting valves. Stain- 
less steel internal parts resist corrosion. Soft synthetic 
inserts provide bubbletight sealing. Most types 
available in explosion-proof construction. 


VERSATILE— Literally thousands of variations are possible— 
mounting, flow control and porting . . . electrical 
options in coils, voltages and frequencies... types 
of media, operating temperatures, etc. 
UNIQUE— Skinner valve seat does not cut inserts, assures 
bubbletight sealing and long life. Skinner valve 
sleeve assembly is precision welded to provide over 
5,000 PSI burst strength. Skinner standard valve 
designs are readily modified for custom applications. 
From first step in manufacturing to delivery, Skinner 
quality control and 100 per cent testing builds valves — 4_transparent view of normally closed valve with main orifice shown solid 
Skinner guarantees for long, trouble-free life. B—Plunger and spring C—Sleeve D—Coil E—Yoke 


SKINNER three-way solenoid valves 
solve your control system problems 


Whatever your problem in controls... in machine ture of solenoid valves has been proved by univer- 
tool automation, automatic clutching or braking, sally successful use. And as control problems become 
packaging, instrumentation, laundry equipment, air more complex, Skinner keeps pace with new designs, 
conditioning, or in any of thousands of applications new valves, and continued top quality production. 
involving air and hydraulic cylinders or pressurized : 
- The new A series shown above, the new L series, 
mechanisms . . . Skinner has the answers. al . é' : athege 
the V5 and V10 series complete the line of Skinner 
Skinner design leadership and quality manufac- 3-way solenoid valves. Your selection is unlimited. 


on a 
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Up to 200 PSI or 5 to 150 PSI 
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When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative 
listed in the Yellow Pages or write us at the address below. 


SKINNER vaives 


Vv 
SKINNER ELECTRIC VALVE DIVISION 
THE SKINNER CHUCK COMPANY e NEW BRITAIN, CONNECTICUT 
PRINTED IN U.S.A 


THE CREST OF QUALITY 





Wheelco complete process control 

systems are being specified more and 

more by process control engineers who 

demand accuracy and reliability. With top- 

quality instrumentation and the engineering 
know-how necessary to meet specific requirements, 
Wheelco is providing companies in every industry 
with automatic process control systems to fit their 
particular manufacturing processes. Arrange now 
for a consultation with Wheelco. Find out how 
Wheelco can meet your requirements for 
automatic process control. Contact your 


nearest Wheelco sales office. 


SERIES 
8000 


THE 
MARK 
OF 
QUALITY : 
Single point potentiometer type indicating and 


recording controller for temperature, speed, strain, 
acidity, alkalinity and other variables that can be 
WHEELCO INSTRUMENTS DIVISION resolved into electrical systems. Wheelco multi- 
point recorders will handle up to 24 points at speeds 
BARBER-COLMAN COMPANY from 3 to 24 inches per hour. Get all the facts 
DEPT. D, 1542 ROCK STREET, ROCKFORD, ILLINOIS about Wheelco control systems. Call your nearby 


Barber-Colman of Canada, Ltd., Dept. D, Toronto and Montreal, Canada Wheelco Instruments Division representative. 
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RADIATION 


PYROMETRY 


and Its Underlying 
Principles of 


RADIANT HEAT 
TRANSFER 


By T. R. HARRISON 
Minneapolis-Honeywell 
Regulator Co., 


Brown Instruments Div. 


By far the most comprehensive 
treatment of theory and applica- 
tions ever published. From his 
extensive experience the author 
has projected his coverage into 
three major areas: 


1. Sets forth clearly theoretical 
principles underlying the sci- 
ence of radiation pyrometry. 
This gives users the bases to 
analyze and solve their own 
problems, and to make the 
best use of their instruments. 


. Presents these very same prin- 
ciples in a way that will help 
workers and students of ra 
diant heat transfer. 


Gives a great deal of detailed 
material on the construction 
and operation of radiation 
pyrometers, all of which in- 
dicates desirable designs for 
various types of service, cali- 
bration characteristics, and 
the like. 


1960 234 pages $12.00 


NOTE: 


This book was written for, and 
intended for use in, a wide va- 
riety of fields. Whatever your 
needs or interests in radiation 
pyrometry or radiant heat trans- 
fer, you'll find much of value 
here. 


EXAMINE THE BOOK FOR 
10 DAYS, FREE. WRITE: 


JOHN WILEY & SONS, Inc. 


440 Park Ave. S., New York 16, N.Y. 
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‘Barber-Pole’ Electronic Memory 


One of the desirable features 
of any computer storage unit is 
the ability to receive and supply 
bits of information at high 
speeds. Through the combined 
efforts of Bell Telephone Labo- 
ratories and Western Electric 
Co., a new, fast and accurate 
electronic memory system has 
been designed in record time and 
is now in production. 


The key element in this sys- 
tem is the Twistor, which is a 
group of hair-thin wires wrapped 
with a thin magnetic metal tape 
in a barber-pole fashion. It is a 
result of early work by A. H. 
Bobeck of Bell Labs. He showed 
that a wire with a twisted mag- 
netization could be switched by 
either current flowing down the 
wire or by current flowing down 
another wire perpendicular to it. 
If such wires are woven into a 
grid with plain copper wires, the 


intersections could be used to 
store bits of information in a 
temporary computer memory. 
The memory module card is 
built up of arrays of tiny per- 
manent bar magnets located on 
plastic cards which are super- 
imposed on a Twistor-conductor 
grid sensing element (Figure 1). 
The bar magnets are formed by 
bonding a thin magnetic film to 
a plastic card and then removing 
all magnetic material except the 
bar magnet, by photoetching. 
The sensing element for these 
magnets is an underlying grid of 
horizontal and vertical conduc- 
tors. The Twistors running in 
one direction are magnetic, those 
in the perpendicular direction 
are current conductors. The spi- 
ral wrapping of the Twistor pro- 
duces a spiral magnetic path 
around the conductor. A number 
of Twistors are embedded in a 
strip of Mylar film, each with a 





Figure 1. A sec- 
tion of the Twis- 
tor-magnet mem- 
ory module. 
Three cores of 
the biased core 
switch or trans- 
former and their 
“word coils” or 
solenoids are 
shown, with 
eight inter- 
section Twistors. 
The bias magnets 
are shown as ti- 
ny blocks on the 
“word coils.’ The 
plastic taps 
which support 
the conductors 
and the plastic 
card carrying 
the bar magnets 
are not shown. 
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Figure 2. H. L. Stadler and D. G. 
Clemons of Bell Labs, discuss de- 
tails of the Twistor-magnet mem- 
ory module. In the foreground is 
a partially assembled unit. Just 
behind it is a finished unit. 


plain copper wire alongside it 
for a return current carrier. The 
other coordinate of the grid is 
strips of copper foil 0.060 inch 
wide, also embedded in a Mylar 
film. This conductor-bearing 
film is folded over the Twistor 
strip to form one complete loop; 
each loop of copper strip pro- 
vides a single turn solenoid at 
right angles to the Twistors. For 
access to the memory, the open 
end of the solenoid (or “word 
coil”) is connected to a biased 
ferrite core switch or transform- 
er. Because of the square hys- 
teresis loop characteristics of 
this core, it also provides a selec- 
tion scheme for picking a partic- 
ular “word coil” out of a matrix 
of such coils. Neither the ferrite 
core switch nor the Twistor-con- 
ductor grid stores information; 
they are only for access to the 
permanent magnet memory. 


This grid senses the presence 
or absence of a field from a 
permanent magnet. The field in- 
hibits the action of an electrical 
pulse through a “word coil”. If 
there is no magnet, a correspond- 
ing pulse is generated in the 
Twistor and read out. If a mag- 
net is present, its field prevents 
the production of the Twistor 
pulse; and no signal is read out. 
The Twistor signal is about 6 
millivolts at 10 ohms impedance 
for 1 microsecond. The com- 
puter interprets this signal or 
lack of signal to indicate a spe- 
cific command. Each card mod- 
ule is a specific memory, differ- 
ing in the arrangemet of mag- 
nets. 


Hermes Solid State 


BINARY TO DECIMAL 
CONVERTER 


for converting any 4 bit code 
to decimal illuminated display 


.. Coats Less 
*95 


(Nixie Bulb 
NO FALSE READOUTS not included) 


Relays and tubes eliminated oe 


quantity purchases 


ee" 
Binary to Decimal 
Converter, Model 260, 
shown approx. 2 size 


MAXIMUM RELIABILITY 
100% solid stote circuitry 


LONG USEFUL LIFE 


No preventive maintenance required 


OPERATIONAL FLEXIBILITY 


Variety of four bit codes can be converted 


LATCHING CIRCUITS 


Provide memory for binary information 


Write for Technical Bulletin 260 
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Hagan PowrMag Analog Computer Control 
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PowrMag systems embody the highest degree of flexibility. Simple, 
efficient electrical design utilizing long-lived and trouble-free solid 
state components, and rugged mechanical construction suit the 
system for a variety of industrial process control applications. 


1. Magnetic Control Unit 


This magnetic amplifier, operating on 1-9v DC, may be used 
individually, as a single 2 or 3 mode controller, or as one element 
in a large system. Each control unit may be removed from the 
front of the panel for easy interchangeability. The basic unit is 
easily converted to other modes by the addition of interchangeable, 
plug-in circuits for all common control operations. Inventory is 
reduced to the one basic unit. Unaffected by shock or vibration, 
PowrMag has no moisture, dirt, leakage or freezeup problems— 
3.5 watts of unregulated 110v, 60 cycle AC. Size—514” x 514”. 


2. Remote Control Station 


These stations provide for remotely established set points and 
required manual control operations. Full station may contain two 
single or ganged potenti: meters, one switch and two meters. Size— 
214” x 514”. Half stations available with set point, bias or ratio 
dial and output signal indicator. Size—214” x 31%”. Each station 
uses 12-wire, color-coded electric cable with MS-type connector. 
Front mounting and removal make it ideal for the compact con- 
sole installations required for centralized control. 


3. Patchboard 


Interconnecting the system in any desired manner, via color-coded 
electrical cable, the patchboard requires no solder connections or 
terminal boards—all connections are made by special taper pins. 
Each connection is identified by an alphanumeric combination. 
Numbers, run vertically, identify the components in the system, 
such as magnetic amplifiers, controllers, transducers, etc. Letters, 
run horizontally, identify the connectors leading into the patch- 
board. DC control power bus is in the center section—no AC 
voltages are used in the patchboard. 

Easy front access permits simple changing of operations. Addi- 
tional loops or components are readily added to the system. 

A letter or phone call will bring you complete information on 
the PowrMag system. Ask for Bulletin MSP-163. 


HAGAN 


CHEMICALS & CONTROLS, INC. 


HAGAN CENTER, PITTSBURGH 30, PENNSYLVANIA 
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Winning 
A Losing 
Battle 


EDITORIAL 





It’s a strange kind of smile you see on the instrument engineer's face when 
the words computer and automation are brought into a conversation. You get 
the idea that privately he is proud of the fact that he is a part of the automation 
revolution; but that his public views will vary according to the status and re- 
sponsibility of his listener. What accounts for this split in his professional 


personality? 


I think most instrument and control engineers have been sitting square in the 
calm “eye” of the veritable automation and computer hurricane which is sweep- 
ing through business and industry. They are riding along with the storm but they 
are almost isolated — so near and yet so far away from the beginning of one of 
the most significant changes in the history of man. Unfortunately most of these 
intelligent engineers have not recognized the relative importance of their efforts 
to increase productivity, create wealth and raise the dignity of all human beings. 
Because automation and computers are looked upon as revolutionary, instrument 
engineers try hard to avoid the revolutionist tag — not because of what they 
actually believe, rather because of the social pressure to be a conformist. Because 
they are so busy making automation succeed, many instrument engineers have 
forgotten the bigger responsibilities of keeping up-to-date, viewing the total 
picture, and improving their public relations. 


To be specific, many instrument departments in the processing industries have 
almost lost the computer battle. Why? Of the many reasons why someone else is 
carrying the computer flag, two are outstanding. Initially, instrument personnel 
believed that computers were fancy new electronic gadgets that had little to 
offer for process control. In time, as they weakened on this point, they realized 
a serious lack of knowledge in their own ranks which is necessary to understand 
the fundamentals of computers and to talk with top management. In the mean- 
time some other department with a little more eye to the future braved the talk 
that “computer is a dirty word” and took the initiative to promote computers 


in industrial processing. 


However it’s not too late for instrument and control engineers in the processing 
industries to stem the tide. If their departments will provide time for qualified 
men to learn the fundamentals of computers, or employ people who already know 
these fundamentals, they have a chance. Someone must be convinced of princi- 
ples not hardware—that high-speed computation and information handling sys- 
tems are significant new techniques for better control of processes and plants. 
When the instrument engineer knows the fundamentals of analog and digital 
computers and has a mathematical appraisal of processes in his plant, he can 
converse intelligently with his management and the computer salesman. He will 
know if he is buying a computer for pure economic reasons, or as a tool for 
experimentation, investigation and exploring the unknown facets of medern 
processing. Perhaps more important, he can justify either reason. 


One way or another high-speed electronic computers will eventually appear 
in virtually every industrial plant in this country. The question is not if but 
when. Is this the battle cry of your instrument department? 


W, Loy 


Editor 
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Solving Pickup Problems 


in Electronic Instrumention 


by WILL McADAM 
Head, Electrical Section 
Research Division 
and DAVID VANDEVENTER 
Head, Industrial Process Section 
Application Engineering Division 
(Members of ISA) 
Leeds & Northrup Company 
Philadelphia, Pennsylvania 


You must understand electri- 
cal pickup if you are to get the 
best accuracy, response - speed 
and reliability from your elec- 
tronic instruments, This article 
tells you how to spot symptoms 
of pickup, how it gets into your 
equipment and how to keep it 
out. 


ELECTRONIC instrument accuracy, 
dynamic response and reliability can 
be seriously spoiled by pickup—any 
electrical signal of no relation to the 
measurement signal that adversely af- 
fects instrument performance. Pickup 
reduces accuracy by producing ran- 
dom or variable offset, insensitivity or 
long-term instability; it can seriously 
slow dynamic response; and finally, 
there are cases on record in which 
pickup has degraded reliability by 
causing premature failure of circuit 
components. However, with good in- 
strument design plus good application 
and installation practice, pickup gives 
no trouble in the great majority of 
electronic instrument applications. 
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Pickup Occurs 
at Four Frequencies 


The more usual forms of pickup oc- 
cur in four frequency bands. 


1. Power-Frequency and Harmonics. 
Most pickup occurs at powerline fre- 
quencies — 60 cycles, or 50 or 25 
cycles—and their low-order harmonics. 
Power frequencies are troublesome 
mainly because electronic instrument 
input information frequently is either 
a power-frequency carrier modulated 
by lower frequencies, or is converted 
to that form for amplification. At this 
frequency, good a-c amplifier stability 
is obtained without internal electronic 
frequency generators To amplify 
modulated power frequency, the in- 
strument must be sensitive to a band 
of frequencies near the power frequen- 
cy. Any pickup in this band will be 
amplified along with the measurement 
signal and can produce errors. The 
measurement signal often approxi- 
mates a square wave. So the amplifier 
must be sensitive to some of the low- 
er-order harmonics as well as to the 
power-frequency itself. Then, pickup 
in the range of the low harmonics of 
the power frequency also can be trou- 
blesome. 


Large power commonly is associ- 
ated with power-frequency equipment. 
Thus, very large disturbances can be 
coupled to the low-level measuring 
circuits of the instrument. 


1 Superior numbers refer to similarly 
numbered references at the end of 
this article. 


2. Low-Frequency “Noise.” Low-fre- 
quency pickup is that occurring in the 
same part of the frequency spectrum 
as does the normal measured quantity. 
So, it is not distinguishable from the 
normal signal on a frequency-differ- 
ence basis; it can be thought of as 
“noise” superimposed on the desired 
signal. Low frequency pickup is like 
“process noise” in that it usually 
is random in nature. But, low-frequen- 
cy pickup bears no relation to the 
measured quantity, while “process 
noise” indicates the instantaneous con- 
dition of the measured variable. Low- 
frequency pickup often is introduced 
by inductive or capacitive coupling 
from d-c circuits in which switching 
occurs. In high-impedance circuits, 
movement of shielded cables also is a 
common source of low- frequency 
pickup.” 


3. Direct-Current Pickup. D-c pickup 
can be coupled to measuring circuits; 
also, conditions within the measuring 
circuits themselves can produce d-c 
pickup. Examples: thermoelectric volt- 
ages, corrosion voltages, and internally- 
generated current in components. 
Thermoelectric voltages arise wher- 
ever junction points of different con- 
ducting materials in measuring circuits 
are exposed to temperature differences. 
Corrosion voltages occur in the meas- 
uring circuit because of voltaic action 
between dissimilar materials exposed 
to electrolytes. Usually, measuring cir- 
cuits are designed to be free of elec- 
trolytes. However, metallic corrosion 
and a humid atmosphere can produce 
very effective electrolytes. Then, under 
certain conditions, resistors and capaci- 





tors can generate direct currents.* 
Such components, when connected in 
a measuring circuit, can produce se- 
rious pickup errors. 


j. Radio-Frequency Pickup. Trouble- 
some radio frequencies can extend 
from tens of kilocycles to hundreds of 
megacycles. R-F pickup will be de- 
scribed later. 


How to Spot Pickup 


Common symptoms of pickup are 
random, intermittent disturbances of 
the indicated or recorded value of the 
measured quantity (offset), instrument 
insensitivity, or sluggish response. All 
these symptoms can occur at once, and 
the latter two usually occur together. 
From the pickup symptoms discussed 
below, you often can distinguish the 
type of pickup according to its fre- 
quency. 

Power frequency and its harmonics 
can produce all the symptoms, but 
nearly always produce insensitivity and 
sluggishness. Insensitivity and slug- 
gishness are caused by pickup compo- 
nents that appear in the amplifier in 
quadrature with the real signal, or as 
harmonics of the real-signal frequency. 
These commonly overload the ampli- 
fier, preventing proper amplification 
of the real signals. A frequency con- 
version can occur in chopper-type in- 
struments, such that power-frequency 
pickup might appear in the amplifier 
as harmonic frequencies and vice versa. 

Disturbances (offset) of the indi- 
cated value result from pickup com- 
ponents which are in phase with the 
real signal in the amplifier. Usually, 
such disturbances are random or inter- 
mittent because the pickup is not 
steady. 

D-c and low-frequency pickup ap- 
pear as random, slowly-varying dis- 
turbances of the indicated value. Since 
these disturbances vary at the same rate 
as the real signal, the instrument reacts 
to the pickup in the same way as it 
does to the real signal. The only 
symptom of pickup is appearance of 
abnormal variations in the measured 
quantity. Often, a clue to this type 
pickup is lack of correlation of varia- 
tions shown by several associated in- 
struments. 

R-F pickup often shows the same 
symptoms and effects as does power- 
frequency pickup, for reasons discussed 
in the next section. However, R-F 
pickup usually produces only random 
or intermittent disturbances of the 





Figure 1. This basic 
thermocouple _instru- 

ment is used to illus- 

trate the four types of | 
pickup coupling. (In- 
cludes typical input 
filter). 
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Figure 3. Examples of 
pickup entering thru 
inductive coupling. 





Figure 2. Pickup 
introduced into 
thermocouple 
circuit through 
conductive paths 
to ground. 


Instrument 








indicated value because it is ineffi- 
ciently coupled to the measuring cir- 
cuits. 


How Pickup Gets 
into Instruments 


For pickup to affect performance, 
its source must be electrically coupled 
to the instrument’s measuring circuits 
—conductively, inductively, capacitive- 
ly, or electromagnetically, or by a com- 
bination of these: Each of these cou- 
pling mechanisms will be discussed 
below in terms of the simple thermo- 
couple instrument shown in Figure 1. 


1. Conductive Coupling. The metal of 
the thermocouple well, vessel and sup- 
ports usually forms a conducting path 
to ground, shown in Figure 2 by the 
symbolic resistance and rectangular 
ground symbol. In addition, the instru- 
ment itself usually has two separate 
connections to earth. One: by connec- 
tion of the instrument case to a metal 
panel connected to a nearby earth 
point (indicated by the triangular 
ground symbol). Two: through the a-c 
powerline, usually with one side 
grounded adjacent to the distribution 
transformer (indicated by the “rake” 


ground symbol). These three ground 
connections usually are not made to 
the same earth point. So, due to earth 
currents, either a-c or d-c potential 
differences can exist between the pairs 
of earth connections, which differences 
are not always small. 

Within the instrument, and in the 
signal circuit between couple and in- 
strument, insulation from ground is 
not perfect. So, unavoidable leakage 
resistances exist between various parts 
(indicated in Figure 2 by dashed re- 
sistors). These paths to earth and un- 
avoidable leakage resistances form 
electric circuits with potential differ- 
ences as shown, which cause pickup 
currents to flow through the measur- 
ing circuits, producing disturbances or 
errors. 

2. Inductive Coupling. Inductive coup- 
ling essentially is transformer action 
between the pickup source and the 
measuring circuit (Figure 3). If the 
measuring circuit is located close 
enough to an a-c motor or trans- 
former so as to link with its 
magnetic field, an alternating volt- 
age will be induced which can 
cause disturbances or errors in meas- 
urement. Also, the power supply to 
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Figure 5. R-F wave modu- 
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the motor or transformer can be the 
source of magnetic field coupling with 
the measuring circuit. Inductive coup- 
ling produces voltages only when 
changes are occurring in the magnetic 
field linking the measuring circuit. 
However, induction is not associated 
only with alternating current circuits. 
Even a d-c circuit produces a changing 
magnetic field when the current starts 
or stops. Thus, look for disturbances 
from any d-c circuit which is periodi- 
cally or intermittently interrupted. 


3. Capacitive Coupling. Capacitive 
coupling usually is associated with 
leakage paths to ground. However, 
these paths are capacitive rather than 
conductive. Capacitive paths are more 
common than conductive paths, so that 
capacitive coupling is the more com- 
mon problem. 

In the instrument (Figure 4), the 
measuring circuit has capacitance to 
the instrument case and to the power 
line, unless special precautions are 
taken. Often, such capacitance is made 
intentionally large by connecting a 
capacitor between these points. Also, 
the heated element whose temperature 
is being measured often has capaci- 
tance to ground or to an a-c line, one 
side of which is grounded. These 
capacitive paths to various grounds 
form circuits including parts of the 
measuring circuit, and also including 
alternating voltages. Thus, alternating 
currents flow in parts of the measuring 
circuit, causing disturbances or errors. 
Note also (Figure 4) that transient 
pickup disturbances can be coupled 
into the measuring circuit by capaci- 
tance between it and other circuits 


nominally carrying d-c. When switch- 
ing disturbs voltages in the d-c circuit, 
the changing voltages produce mo- 
mentary current flow through the 
capacitive coupling paths and through 
the measuring circuits. 

j. Electromagnetic Coupling. Signifi- 
cant energy transfer between circuits 
by radiation usually requires that the 
source produce high-frequency a-c 
signals — frequencies usually much 
higher than those to which the instru- 
ment will respond. However, many 
devices which produce such radio fre- 
quencies are powered from a-c lines— 
induction heaters, arc furnaces, arcing 
contacts in a-c power circuits. These 
devices produce electromagnetic radi- 
ation of a special kind which can affect 
instruments — radiation of high fre- 
quency, modulated by the power fre- 
quency or its second harmonic (Figure 
5). If this radiation is picked up by 
the measuring circuits, the electronic 
circuits of the instrument can demod- 
ulate the pickup, producing from it 
spurious signals having the a-c power 
frequency. Modulated R-F pickup can 
be coupled to the instrument by con- 
ductive, inductive, and capacitive 
paths, as well as by radiation. 


How Pickup Affects 
Measuring Circuits 

The four kinds of pickup coupling 
discussed above cause pickup to be 
applied to the measuring circuit in 
two ways: “transverse” or “differen- 
tial-mode” pickup; and “longitudinal” 
or “common-mode” pickup. 
1. Transverse Pickup. Transverse (dif- 
ferential mode) pickup is introduced 
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Figure 6. Examples 
of transverse pickup. 
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into the measuring Circuit just as are 
the normal measured signals. For ex- 
ample, in the thermocouple instru- 
ment (Figures 1 through 4) and for 
voltage measurements in_ general, 
transverse pickup would be that ap- 
pearing as a voltage in series with 
terminals 1 and 2 and the thermo- 
couple or voltage source. (Figure 6). 
In current measurements, transverse 
pickup would be one which causes 
current flow through the same path 
followed by the normal signal current. 
Any transverse or differential-mode 
pickup is direct acting. It affects the 
instrument in the same way as the 
normal signal; thereby, it directly pro- 
duces errors or transient disturbances. 


2. Longitudinal Pickup. Longitudinal 
(common-mode) pickup disturbs the 
entire measuring circuit relative to 
some reference point. Usually, longi- 
tudinal pickup is introduced as a volt- 
age between a measuring circuit and 
a ground potential, or as a current 
flowing between a measuring circuit 
and a grounded point. Figures 2 and 4 
show examples of longitudinal pickup. 
Here, pickup sources appear as volt- 
ages between ground points having 
different potentials, or between ground 
and a capacitance connected to the 
measuring circuit. Pickup currents are 
caused to flow between the signal cir- 
cuits and the grounded points. 
Longitudinal pickup acts indirectly 
to produce errors and disturbances. 
It must produce a transverse disturb- 
ance in the measuring circuit in order 
to affect the measurement. Conversion 
usually results from currents that are 
caused to flow through parts of the 
measuring circuit by longitudinal pick- 
up. These currents flowing through 
measuring Circuit impedances, produce 
voltages in series with the measuring 
circuit, that is, transverse voltages. The 
efficiency of coupling here generally 
is small because the leakage inped- 
ances through which the longitudinal 
source is coupled to the measuring 
circuit usually are large compared to 
the impedances in the measuring cir- 
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Figure 7. How electrostatic 
shielding reduces coupling. 
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Figure 8. A single route for 
low-level leads minimizes 
magnetic-loop areas. 
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cuit. However, the magnitude of the 
usual longitudinal sources is far in 
excess of the magnitude of the meas- 
ured quantities. So the longitudinal 
pickup produces significant errors in 
spite of the low conversion efficiency. 
Thus, longitudinal pickup is a more 
common source of error than trans- 
verse pickup. 


How to Avoid Pickup 
Within an Instrument 


Pickup elimination techniques ap- 
plicable to both internal and external 
circuits are: 

signal circuit isolation 

shielding 

magnetic loop reduction 

guarding 

single point grounding 

filtering 

circuit balancing 

compensation 

The first five techniques isolate the 
measuring circuit from sources of pick- 
up. The last three methods prevent the 
adverse effects of unwanted signals 
which enter the measuring circuits. 

Use of these methods by the instru- 
ment builder depends on the standards 
of performance he wishes to meet, the 
pickup problems usually encountered 
where his equipment is installed, and 
the cost. A compromise of these fac- 
tors is inevitable if an instrument is 
to be commercially successful. 

More elaborate applications of these 
basic forms of circuit protection are 
known to instrument makers, and ap- 
plied where conditions require. For 
example: a completely shielded poten- 
tiometer, capable of operating from 
thermocouples 200 to 300 volts ac 
above ground is available as a com- 
of a standard in- 


mercial variation 


strument. 


How to Avoid Pickup 
Outside an Instrument 

The best way to solve pickup dif- 
ficulties is to avoid the source of pick- 
up. These few examples will illustrate: 


Physical Isolation. Physical isolation 
between power and signal leads, or 
between high-signal-level and low- 
signal-level leads provides some pro- 
tection for most equipment. A few 
inches separation of wires or circuit 
elements sometimes is sufficient to re- 
duce capacitive or inductive coupling 
to acceptable levels. 


Shielding. Magnetic shielding provides 
a low-reluctance path to bypass mag- 
netic flux around a critical circuit 
element to eliminate inductive cou- 
pling. However, due to cost and size, 
such shields are limited in application. 
And only special magnetic steels offer 
reluctances low enough to be effective, 
so magnetic shields commonly are 
found only around small circuit ele- 
ments such as input transformers.* 
Steel conduit and terminal cabinets 
offer little magnetic shielding. 

Electrostatic shielding reduces capa- 
citive coupling between circuit ele- 
ments. In Figure 7-a, voltage Vx is 
influenced by the voltage source e, 
via the coupling capacitance C. The 
addition of a shield (Fig. 7-b) makes 
Vy independent of e, by returning 
capacitive currents directly to ground. 
In special problems, more than one 
shield might be required. 

Electrostatic shielding is effective 
only when properly placed between the 
source of disturbance and the sensi- 
tive circuit. Solid shields are most 
effective, although braided or woven 


types are more convenient and usually 
sufficient. Even parallel, but interven- 
ing, conductors in a multi-conductor 
cable can be effective in simple prob- 
lems. Shields require proper connec- 
tion—not necessarily connection to 
ground, but frequently to a reference 
point in the circuit. 


Magnetic-Loop Reduction. Voltage in- 
duced by induction is directly propor- 
tional to the met area of the circuit 
loops which enclose a changing mag- 
netic field. No matter how intense the 
field, if there is no effective area, there 
is no pickup. 

Interconnecting leads between cir- 
cuit elements should be kept as close 
together as practical. (Figure 8) Use 
noninductive circuit elements such as 
resistors, where possible. 

Transposition (twisting) provides 
noninductive sets of leads. The area 
enclosed by circuits cannot be reduced 
to zero because insulation is required. 
If leads are twisted to provide adja- 
cent areas equal in size but with con- 
ductors reversed, the voltages gener- 
ated are cancelled (Figure 9). In a 
coaxial cable, equal and opposed volt- 
ages are induced just as in a transposed 
pair. 

Single-Point Grounding. Objective 
here is to eliminate all unwanted cur- 
rents flowing through critical circuit 
elements due to ground-potential dif- 
ferences. This usually is hard to do 
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Figure 9. Twisting 
of leads provides 
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Figure 10. Examples 
of circuit balancing. 
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because of the kind of primary ele- 
ment or mounting, location of the 
instrument far from the primary ele- 
ment, the kind of electric distribution 
system, etc. It might be necessary to 
insulate part of the measuring circuit, 
or even the entire instrument case, 
and connect it to a ground or reference 
point other than its mounting. 


Filtering. Filtering rejects or attenu- 
ates disturbing transverse signals. Some 
disturbing signals cannot be rejected 
in the amplifier circuits; but it is 
quite feasible to filter them before 
they reach sensitive parts of the circuit. 
Such filtering sometimes must be done 
at the expense of slowed response and 
reduced sensitivity. 

The most common form of filtering 
is the resistance-capacitance L-pad. 
For example: the potentiometer (Fig- 
ure 1) uses a triple 8-uf section capaci- 
tor with 2000-ohm resistors to achieve 
attenuation of 60 cycle transverse pick- 
up in 300/1. Inductive 
elements can be combined with capaci- 
tance for low-frequency attenuation. 


excess of 


R-F filtering usually is done by en- 
closing low-level components in 
shielded compartments with appropri- 
ate feed-through capacitors bypassing 
the R-F to ground, chassis or other 
appropriate reference point. Because 
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R-F pickup includes a wide range of 
possible frequencies, depending on its 
source, simple low-pass filters are pre- 
ferable to tuned filters. Filters used 
to reject power-frequency pickup 
usually are not effective in eliminating 


R-F pickup. 


Line Balancing. Here the circuit is so 
arranged that longitudinal currents will 
flow through similar or equivalent el- 
ements in opposite sides of the circuit. 
Longitudinal currents thus produce 
equal and opposite transverse voltages 
which nullify any adverse effect on 
the instrument. For example (Figure 
10-a), telephone lines used for trans- 
mission of measurement signals must 
be balanced with respect to ground at 
both ends—usually done by isolating 
the connected circuit from ground at 
each end and installing balanced ca- 
pacitors from each side of line to 
ground. Balance between two grounded 
voltage sources (such as thermocou- 
ples) operating in parallel can be done 
by adding proper resistors in all four 
legs (Figure 10-b). This technique can- 
not be used with  series-connected 
thermocouples. 

Such balancing methods are not 
always simple or completely effective 
because conditions do not remain con- 
stant. These methods must be indi- 


vidually applied because conditions are 
not identical. 

Compensation. Sometimes, one must 
accept a minimum offset signal in the 
circuit and introduce an artificial sig- 
nal into the system to compensate or 
cancel the offset. Zero adjustments in 
balanced amplifiers are a familiar ex- 
ample. This method is acceptable only 
where the source of the disturbing 
signal and the coupling into the meas- 
urement are reasonable constant, or 
where frequent adjustments are toler- 
able. 


Conclusions 


Despite the best efforts of the de- 
signer, manufacturer, instrument en- 
gineer and contractor, pickup prob- 
lems will develop. Some result from 
simple errors or from carelessness; 
others from unavoidable ignorance of 
all the facts prior to the installation. 

The solution: careful and intelligent 
use of basic principles. No matter how 
complex pickup problems appear, they 
are always a combination of simple cir- 
cuits. Guesswork or hit-or-miss trouble- 
shooting might solve the problem; but 
a logical step-by-step approach, with 
proper test equipment for circuit 
study, is indispensable to quick, sure 
solutions. 
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Better Names Needed 


While the authors are to be commended for a thought-pro- 
voking article, the names and descriptions of disturbances they 
use are not universally accepted by the electrical industry. 


The American Standard Definitions of Electrical Terms con- 
tains no definitions for shielding and/or guarding, and the sec- 
tions relating to “pickup” describe operating or non-operating 
current and voltage devices. There are no definitions describing 
“pickup” in the manner used by the authors. This lack of defi- 
nitions on “shielding” and “guarding” was referred to the AIEE 
Committee on Terminology (AIEE Transactions Paper 58-556, 
Communications and Electronics, September 1958). 


Use of the term “pickup” for spurious d-c currents and volt- 
ages described in the paper as originating from thermoelectric, 
corrosion potentials, and voltaic action from dissimilar metals 
does not conform to the general use of the word “pickup.” In a 
later paragraph, conductive paths to “ground” points are called 
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“d-c pickup.” It would seem better to describe the introduction 
of unwanted d-c currents on the basis of conductance paths and 
leakance currents. 


The purpose of these comments is again to plea for definitions 
for terms such as shielding, guarding, and pickup by the Ameri- 
can Standards Association before more papers are presented dis- 
cussing “pickup” problems. 

F. H. Wyeth 
Leeds & Northrup Co 


Authors’ Comment 


The authors agree with Mr. Wyeth on the need for more- 
standard terminology in the instrument field. However, standard 
terminology now does not exist for some of the subject matter 
of our article. Therefore, we chose our terminology with the 
hope that it would be understandable to the readers. 


Will McAdam 
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A report of FIER activities by its Executive Director, Lloyd Slater. 


FIER Assays Its Programs in ’59... 


Teacher Education. The group above are technical insti- 
tute teachers attending Penn State under FIER sponsor- 
ship in July ’59. At the same time, 30 college teachers of 
ChE got control theory at Case. 


.* a 


Fellowships and Research. John Cotter (right), PhD can- 
didate at California U under a FIER Fellowship, is 
guided in reactor dynamics research by Prof. Y. Taka- 
hashi. Five other Fellows also were supported. 


Interdisciplinary Clinics. Space scientists and medics 
traded ideas with instrument men at Ohio State U in 
October. Earlier in the year, top-flight meterologists 


i ~ 


met at MIT with the instrument fraternity. 


Tee 


Distinguished Lecture. Dean (ret.) M. P. O’Brien of Cal- 
ifornia U presents the first FIER Distinguished Lecture 
to*the board and guests in September. His topic: Edu- 
cating Engineers for Advanced Areas of Technology. 


. . » and Broadens Its Scope in ’60 


While incorporated in the spring of ’57, the Founda- 
tion for Instrumentation Education and Research really 
got underway when it established during the following 
year a three-part program of teacher education, student 
fellowships and clinics to bring scientists into contact 
with instrumentation technology. 


In 1959, FIER built on this basic program. Its summer 
courses exposing teachers to instrumentation increased 
to two, its industry-supported fellowships grew from 
two to six and its clinics program gained financial aid 
from the National Science Foundation and the Link 
Foundation. A new program also was inaugurated: a 
yearly award to an outstanding educator to develop and 
present a Distinguished Lecture on a problem signifi- 
cant in technical education. 


It was a year of solid accomplishment under the Pres- 
idency of W. W. Garey; a year which saw FIER grants 
to education increase from $17,000 to almost $60,000. 


At the start of 1960, A. F. Sperry, founding president 
of ISA, took over as chief officer of FIER and Dean J. R. 
Ragazzini of N.Y.U. and Dean J. R. Bowman of North- 


western joined the board along with Dr. R. H. Tripp 
(who, as incoming ISA President-elect-Secretary auto- 
matically became a FIER member). Bolstered by these 
capable new members, the FIER board accepted presi- 
dent Sperry’s recommendations to direct major effort to 
expand the fellowships program and to conceive and 
launch at least two new experimental projects in 1960. 

Considerable success already has been achieved in ex- 
panding the 1960 fellowships program. In the June issue 
of the JOURNAL, readers of this column will become 
acquainted with fourteen students who have been se- 
lected as FIER Fellows. 

The two, new, experimental program areas called for 
have been activated by the Foundation: 

1—On April 8, the first FIER grants for research in 
instrumentation will be announced. 


2—Also on April 8, the winners of two experimental 
in-industry scholarships for teachers will be selected. 


Both these new FIER project areas will be described 
more fully in a near future issue of the JOURNAL. 
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Figure 1, (Above). A dynamic 
element or system as a function 
of time and a function of com- 
plex variable s. Figure 2, 
(Right). Definitions of angles 
for aircraft motion. 
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Determining Transfer-Functions 


with Analog Computers 


by DR. J. H. MILSUM 
Analysis Section 
Division of Mechanical Engineering 
National Research Council 
Ottawa, Canada 


Experimental work on an ana- 
log computer has shown that, by 
a “mask” matching technique, a 
maximum of four unknown con- 
stants of a transfer function can 
readily be determined within a 
few minutes to 1% accuracy. 


A BASIC SITUATION in linear 
dynamic systems concerns the inter- 
relation of input, output and transfer 
function of an element or system (Fig- 
ure 1). If both the input and output 
functions are known after a disturb- 
ance to a physical system, then the 
transfer function can be obtained by 
mathematical methods. 

function, H(s), is a 
relation derived by Laplace transfor- 
mation of the describing differential 
equations. For most purposes, the dif- 


various 
The transfer 


ferential operator (d/dt) is equivalent 
to S. H/s) uniquely and completely 
specifies the dynamics of a system. 
Since the output response equals the 
product of the input and the transfer 
function, H(s) leads to the response 
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of the system to any specified input. 
The transfer function can describe a 
complete engineering system with 
feedback and controllers as well as a 
simple dynamic element. 

Experimental work showed that an 
analog computer, using a “mask” 
matching technique, could very suc- 
cessfully be used to easily and accu- 
rately determine H(s). To use this 
technique, the operator must have 
some prior knowledge of the given 
problem. In other words, he should 
be able to represent the solution to 
the problem in its correct mathemat- 
ical form. This analog method then 
enables him to solve for the unknown 
constants in the expression. There are 
no restrictions on the types of inputs 
or output responses encountered. The 
present study, however, has not includ- 
ed nonlinearities in the system. 


Transfer-Function Desirability 


Much use is made today of fre- 
quency-response and transient-response 
methods of analysis. While both meth- 
ods have merit in themselves, it might 
be pointed out that neither, in prac- 
tice, means as much as the transfer 
function. This follows because the 
transfer function must be specified 
mathematically; being one unchanging 
expression for a given problem, it is 
not altered by the form or value of 
the input. Thus, it leads to the exact 


response to amy given excitation. On 
the other hand, frequency and tran- 
sicmt responses are usually obtained 
graphically and do not permit exact 
analytic extraction of a transfer func- 
tion. However, the conventional trans- 
ient and frequency responses are ob- 
tainable immediately from the transfer 
function, so that the method is more 
general than one which obtains, for 
example, only the frequency response. 

It always is desirable to express the 
dynamics as a transfer function, even 
if approximately. This is especially 
true if the response to various transi- 
ent inputs is required; if the specifica- 
tions include restraints in the transient 
input; or if simulation is required on 
an analog computer. 

In some cases, the application of 
either step transient or continuous fre- 
quency oscillations might be undesir- 
able economically (such as in distilla- 
tion columns, etc.), because the end 
product is unsatisfactory as a result of 
the disturbance. In this instance, the 
normal input-output operating records 
could have sufficient noise content to 
permit transfer function determination 
by use of correlation techniques, with- 
out an artificial disturbance. 


Typical Application 


In applying the analog computer 
and “masking” technique, a typical air- 
craft motion problem was chosen for 





study. The results, of course, are not 
limited to aircraft applications. 


The equations of motion involved 


in this study are taken from Refer- 
ence 1: 
5" +- 4,50 + aosa + dzga + ay} = 0(1) 


dasa + ag sy 


4950 

1+Ts 
where aircraft pitch angle 
angle of attack 
elevator deflection 
flight-path angle 
elevator servo time- 


constant (see Figure 
? 


Z) 


Equation (1) represents the torque 
equation about the wing axis; equa- 
tion (2) the force normal to the air- 
craft; equation (3) the pitch attitude; 
and equation (4) the provision for 
pitch rate damping by an autopilot. 

The transfer function relating pitch 
angle or velocity to elevator deflection, 
is of particular interest and is obtained 
readily from the above equations. In- 
itially, the response without autopilot 
is considered, since the “natural” mo- 
tion of the aircraft is then described. 

Equation (5), shown below at right, 
follows from the above equations. 

This system is characteristically sec- 
ond order between 5 and @ with de- 
rivative action in the numerator. Thus, 
a step elevator change generates a 
steady pitch velocity, which is true 
within the linear range. 

When a direct simulation of the 
governing equations (1), (2), and (3) 
[omitting the pitch damper equation 
(4)], is made on the analog computer, 
there are six constants in the resulting 
mathematical expression. 

Another analog method simulates 
the functional form of equation (5), 
and as a consequence fewer coeffi- 
cients are involved. In this case, equa- 
tion (5) becomes equation (6). 


“Mask-Matching” Technique 


This method uses repetitive opera- 
tion of the analog computer to permit 
rapid adjustment of the parameters of 


Figure 4. Integrated absolute er- 
ror circuit. 


Figure 3. Setup 
for mask-match- 
ing technique. 


the simulated system, until the com 
puter output matches that of the real 
system. Almost all of the functional 
coefficients are “uncoupled” for in- 
dependent operation during the match 
ing procedure. The simulated system 
response is displayed electronically on 
a large oscilloscope with a 10 x 15” 
grid. Comparison is made between the 
simulated and real systems by observ- 
ing the response oscilloscope trace of 
the simulated system, and the mask 
outline of the real system response 
(Figure 3). 

The input applied to the simulated 
system must be identical to the input 
that caused the response from which 
the mask was made. A repetition per- 
icd of about 1 second is convenient 
for rapid monitoring of the effects of 
parameter changes. 


Accuracy 


The minimum error in this type of 
matching is about 1/10”, which rep- 
resents about 1% solution error with 
correct scaling. The inaccuracies of 
mask-fitting, scope nonlinearity and 
relay hold-up alone involve approxi- 
mately this minimum error. 


‘ 
(44 


It probably is unrealistic even to 
search for better accuracy, since phys- 
ical inputs and outputs always will 
have a “noise” component, and filter- 
ing errors are necessarily introduced 
in the matching process. However, it 
was of interest to check the best ac- 
curacy of matching obtainable with 
the relatively noiseless signals avail- 
able on the computer. It was found 
that significant further improvement 
could be made by finely adjusting the 
parameters in a real-time operation on 
an X-Y recorder. This procedure was 
slower (about 10 seconds for each 
run) and thus need be considered only 
as an “optional extra refinement.” 

Since the error between real and 
simulated responses was available elec- 
tronically, a quantitative error criterion 
such as the Integrated Absolute Error 


ie | e(t) at (7) 


error between actual 
and simulated systems 


where e(¢) 


was used to determine thé best match- 
ing. 

The computer circuit for this cri- 
terion is shown in Figure 4. 


aodg)S +- (a4a5 434¢) } 


(5) 


{S- + (a, + de + a5)5 + (43 + 445) } 


Wn 


where wy, 
= damping factor 


i 


undamped natural frequency 
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Figure 5. Elevator pulse genera- 
tion circuit. 








Input Functions 


The time-shape of the elevator input 
disturbance apparently is not very im- 
portant to the determination of the 
transfer function. The range of fre- 
quencies in the input, however, does 
determine the range over which the 
frequency response of the system can 
be obtained with satisfactory accuracy. 

In this study, a triangular pulse, 
typical of current practice, was used. 
The time base and angular magnitude 
both could be varied in the computer 
circuit used to generate this pulse 
(Figure 5.). A two-second pulse was 
used throughout these tests. 


Matching Limitations 


It certainly is not possible by this 
method to match the real and sim- 
ulated systems more accurately than the 
machine can reproduce two identical 
systems. In order to check this ac- 
curacy, two identical simulations were 
set up on the computer. The maxi- 
mum error was about 0.1% of the 
maximum value of the variable. The 
corresponding value of the integrated 
absolute error was 0.15 volt. This is 
within the expected accuracy of the 
machine. 

A similar comparison between the 
direct (equacion 5) and the functional 


(equation 6) simulations, showed an 
error of 0.4%, with the value of I, = 
0.65 volt. It was found that the match- 
ing was very critically affected by wo». 


Matching by Direct Simulation 


The direct simulation (equation 5) 
has six coefficients, all determined by 
the physical parameters of the system. 
If all six are unknown, it is not prac- 
ticable to “zero-in” to the correct re- 
sponse by the matching procedure. 
Four unknowns appear to be the most 
which can be adjusted simultaneously, 
when their dynamic effects are inter- 
coupled. Experienced operators were 
able to produce results of better than 
1% accuracy in from 5 to 15 minutes 
with the value of J, = 1.17 volts. 

Considerably more rapid adjustment 
was possible if only three parameters 
had to be adjusted; several minutes 
was sufficiently long for both expe- 
rienced and inexperienced operators 
alike. However, the final accuracy was 
still about 19% and I, equaled about 
1.0 to 1.5 volts. 


In this series of tests, the set-up was 
artificially in favor of the operator. 
A “standard” or ideal circuit was used 
to generate the actual response, and 
thus the error could be displayed di- 
rectly and electronically in real time, 
on the scope. As the maximum error 
between the two traces was decreased, 
larger scales could be used to improve 
accuracy further. However, even this 
advantage failed to overcome the basic 
drawback of this simulation—the im- 
possibility of adjusting six parameters 
simultaneously. 


Matching by Functional 
Simulation 

A mask was quickly prepared, as 
shown in Figure 3, by obtaining 6 and 
6 response curves for the standard or 
ideal simulation. In practice, these 
normally would be obtained from 
flight test or industrial process results 
This mask could be fitted on the 
screen within about 1% error. 


By using the functional simulation 
(equation 6) with “uncoupled” para- 
meter adjustment, a reasonably logical 
matching procedure was found possi- 
ble. The steady-state pitch-angle 
change for a given elevator pulse is 
determined uniquely by 4» (equation 
6); therefore, this coefficient was ad- 
justed first. The natural frequency, wp, 
was the next critical parameter and 
after initial adjustment, only very 
minor changes were required. The 
derivative term a; and the damping 
ratio © were to some extent mutually 
cancelling terms in the initial response 
region; thus, careful adjustment of 
these was necessary. 


The direct visual matching described 
previously, attained in several minutes 
a solution whose error was within 
1%. Up to an hour was necessary by 
the functional method to attain a so- 
lution with 1, = 0.28 volt. But this 
latter accuracy is equal to that ob- 
tained by identical simulations. There- 
fore, it cannot be improved. Further- 















































Figure 6. Block diagram for air- 
craft motion with pitch damper. 
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Figure 7. 


Matching of frequency responses 


showing actual and simulated system results. 


more, it is far better than the data 
warrant 


Pitch Damper Complications 


The system considered so far has 
been the basic second-order system 
with four functional parameters. In 
comparison, the minimum number 
possible for the simplest dynamic sys- 
tem, is three; this occurs when 47 is 
zero. The addition of the pitch damper 
represented by equation (4) 


ag 50 


a= 1+Ts 


(4) 
complicates the example by adding 
extra dynamics. Two new parameters 
are introduced — pitch damper gain 
(ag) and the time constant of the ele- 
vator servo (T) in seconds. If the 
functional simulation (equation 6) is 
used, the new block diagram is as 
shown in Figure 6. 


Reducing this block diagram to a 
single transfer function produces an 
equation with six functional parame- 
ters. The difficulty in matching these 
is similar to that encountered in 
matching the six direct parameters in 
the previous system without pitch 
damper. 


The matching technique does not 
seem practicable in direct application 


to this problem. However, it is very 
likely that the response curves can be 
obtained both with and without the 
pitch damper. The matching procedure 


then can be applied to the response 
without pitch damper to obtain the 
transfer function G, of Figure 6; the 
matching of Gs given G;, then is ex- 
tremely simple. 


Non-Oscillating 
Response Application 

The distinctive response peaks of 
the highly oscillatory system without 
pitch damper, aided rapid and satis- 
factory matching. With more damping 
and less oscillation, the matching 
might be expected to be less accurate. 


To check this condition, such a sys- 
tem was simulated on the computer, 
and matching again attempted. The 
results showed that, contrary to ex- 
pectations, the mask method of match- 
ing proved satisfactory even when the 
pulse response did not have pro- 
nounced oscillations. 


Frequency Response Accuracy 


For the simulation of aircraft with- 
out pitch damper, the parameters were 
so closely matched by the masking 
method, that the frequency response 


of the simulated system also matched 
excellently with the actual system 
frequency response. However, the in- 
sensitive matching of two of the func- 
tional parameters in the aircraft-with- 
pitch-damper case provides less ac- 
curate frequency responses, as shown 
by the asymptotic amplitude plots in 
Figure 7. There, the maximum error 
is about 3% over most of the fre- 
quency range for which the transient 
pulse has significant frequency con- 
rent; that is, 3 rad/sec (Reference 2). 
This result is quite satisfactory. If 
greater frequency range is to be ex- 
plored, pulses with better frequency 
content should be used. 
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SCANNING 


MEASUREMENT & CALIBRATION 





Better Standards 


for the Electronic Era 


WITH ELECTRONICS now the 
fifth largest US industry, and with 
authoritative estimates that its dollar 
volume will top all others by 1970, 
the accurate measurement of basic 
radio and electronic variables becomes 
of greatest national importance. Then, 
too, its frontier activities in space ex- 
ploration, inertial navigation, missile 
guidance, miniaturization, computers 
and instrumentation are demanding 
orders of accuracy and precision of the 
electronic industry unheard of in any 
other. 


FREQUENCY is the variable most 
important in electronics. The time 
and frequency standards radiobroad- 
cast continuously from Stations 
WWYV, Beltsville, Maryland, and 
WWYVH, Maui, Hawaii, are checked 
daily against atomic standards accu- 
rate to one part in 100 billion! Photo 
shows Charles Snider pouring liquid 
nitrogen into the cold trap of RSL’s 
new cesium-beam frequency stand- 
ard, as Roger Beehler adjusts its 
atomic-beam detector. U-shaped ob- 
ject is a resonant cavity used to ex- 
cite the cesium transition. 


ISA Journal 


In their recent survey, Aerospace 
Industries Association found that the 
precision now being demanded by both 
industry and the Military is far out- 
stripping available radio-electronic 
standards and calibration services. To 
meet these critical needs, our National 
Bureau of Standards Radio Standards 
Laboratory (RSL), Boulder, Colorado, 
is enlarging its electronic standards 
and calibration research. It aims to 
improve standards, measurements and 
instrumentation needed for all radio- 
frequency and microwave quantities. 


NBS now is establishing or improving 
standards for frequency, power, attenu- 
ation, voltage, impedance, noise, field 
strength, interference, conductivity, di- 
electrics, magnetics, and the radioprop- 
erties of materials. 


ISAJ brings you this picture story 
of the highly-special and very-complex 
apparatus which the NBS Radio 
Standards Laboratory has designed and 
built to develop better measurement 
standards and calibration techniques 
for America’s electronic industries. 


THE TOP reference laboratories—both military and industrial— 

in all parts of the United States and several foreign countries 

were served by the National Bureau of Standards Electronic 

Calibration Center during its first year of operation. Most of 

these laboratories, in turn, calibrate their own lower-level stand- 
Ww ards for local working and calibration uses. 








GEOGRAPHICAL UTILIZATION OF SERVICES OFFERED 
BY NBS ELECTRONIC CALIBRATION CENTER 











KNOWLEDGE of the be- 
havior of materials at ra- 
dio and microwave fre- 
quencies is vital to elec- 
tronic progress. So RSL 
has set up a new facility 
for studying interactions 
between electromagnetic 
waves and matter. Ad- 
vanced techniques used 
include molecular beams, 
radio and microwave 
spectroscopy, gyrators, 
microwave solid-state am- 
plifiers, and nuclear, fer- 


romagnetic, and paramagnetic resonance. In photo, Bill Case adjusts the local oscillator 
of a device for evaluating tensor permeability properties of ferrite materials. Ferrite is 
placed in cavity between the two electromagnets (center) and measured at 1060 Mc. 


IMPEDANCE is one of the most 
difficult electronic quantities to 
measure accurately. NBS has de- 
veloped three types of standards: 
an adjustable, sliding, wave-guide 
termination with almost no reflec- 
tion; prec’se short-circuited sec- 
tions of almost total reflection; 
half-round obstacles of calculable 
reflection. Accuarcies to 0.1% in 
VSWR to 2.0 were achieved us'ng 
magnified response and modified 
reflectometer techniques. In_ this 
photo, Wilbur Anson of RSL exam- 
ines a silver section of waveguide 
used to transfer attenuation meas- 
urements to the impedance stand- 
ards. 


My THIS IS THE front of the new NBS 
high-frequency piston attenuator 
shown below. Eugene Amrine of 
RSL’s Electronic Calibration Center is 
calibrating the unknowns (tray, 
right). Unknowns are inserted into 
the attenuator by the connecting 
hardware on the lower right-hand 
panel. 


> 


PRIMARY job of RSL’s 
Electronic Calibration 
Center is to calibrate in- 
terlaboratory standards for 
voltage, power and im- 
pedance, which are used, 
in turn, to assure accu- 
racy of industrial and mil- 
itary reference and work- 
ing standards, nation- 
wide. Its calibrations fall 
into three groups — low, 
high and microwave fre- 
quencies. The new piston 
attenuator shown, operating at 30 Mc, measures attenuation changes of less than 0.001 
db. The Center plans to offer within the year these same accuracies at 100 and 300 
Mc. In the picture, David Russell adjusts the ‘“‘magic T"’ input to the detector of the 
new high-frequency piston attenuator. On right is the large “‘trombone” phase-shifter 
used in the dual-channel system. 
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Pipeline Management 


AUTOMATION, the highly-contro- 
versial subject which always causes 
abnormal reactions, again strongly 
stirred engineering imaginations at 
the recent ISA Instrument-Automation 
Conference in Houston. “Abnormal” 
as used here indicates a deviation 
from the usually conversational trend 
when pipeline activities are discussed. 


If we were to single out one par- 
ticularly strong point greatly empha- 
sized at the Pipeline Instrumentation 
Sessions, it would be that manage- 
ment’s considerations usually deter- 
mine the philosophy of operation to 
be employed in a particular pipeline 
system. Instrumentation engineers are 
finding that system design criteria are 
more frequently determined by these 
management considerations rather than 
by engineering considerations alone. 
Sy Orlofsky, vice-president of the Co- 
lumbia Gulf Transmission Company, 
brought this point to the fore in his 
address titled “What Management Ex- 
pects from Automation for the Gas 
Pipeline Industry.” 


“A company’s progress is based on 
the attitude displayed by its manage- 
ment,” he declared. “Management's 
contributions to progress are the dis- 
play and encouragement of proper 
attitudes and philosphies for the ac- 
ceptance of new scientific and engi- 
neering advancements.” The manage- 
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These 


authorities 


presented management’s 


views at the ISA Pipeline Instrumentation Ses- 
sions, Houston, February 1-4 (L to R) F. O 
Stivers, Humble Pipeline Co.; session chairman 
Max Nigh, and G. L. Maciula, both of Service 
Pipeline Co.; and Sy Orlofsky, Columbia Gulf 
Transmission Co. 


Looks to Automation 


ment of a company must keep the 
balance and be able to recognize, as 
well as encourage, the adoption of 
programs that will benefit both the 
company and the public it serves. 


“The natural gas transmission indus- 
try is recognizing the need and ad- 
vantages offered by the science of 
automation. Where else is there an 
industry that can so readily adapt itself 
to automation? Its very concept of 
operation is based on centralized con- 
trol.” 


In his talk, Orlofsky described the 
rise of two classes of people in the 
industry. He termed them ‘truth- 
seekers’ and ‘barrier-builders’. “The 
truth-seeker,” said he, “originates and 
recognizes constructive thoughts and 
has the determination and vision to 
carry forward projects to their ulti- 
mate goal. The barrier builder im- 
mediately views all ideas with suspi- 
cion, hesitation and ‘don’t-rock-the- 
boat’ routines.” 


Orlofsky emphatically stated that 
the management personnel of his com- 
pany have long ago overcome the op- 
position of the ‘barrier-builders’ and 
have convinced them that the tools of 
automation are available today for use 
in the pipeline industry. “Because of 
the encouragement of management,” 
he said, “the truth-seekers are accom- 
plishing their objectives and making 


sizable contributions to the forward 
movement of the gas industry.” 


To prove his point, Orlofsky cited 
the successful operation of a complete- 
ly automated pipeline by the Colum- 
bia Gulf Transmission Company. His 
company, as early as 1954, recognized 
the benefits to be derived from auto- 
mation and began the work that re- 
sulted in the centralized control of 
more than 900 miles of pipeline from 
a dispatcher’s office in Nashville, 
Tennessee. He exhorted those in at- 
tendance to convince their own man- 
agement people that the tools of 
automation are currently available and 
in operation. These automatic systems 
are reliable and efficient, and possess 
built-in safety features which guaran- 
tee continuous and trouble-free oper- 
ation. 


The ultimate goal of the Columbia 
Gulf Transmission Company, reported 
Orlofsky, is to have complete central- 
ized and automatic control of 1700 
miles of pipeline and eleven compres- 
sor stations with a total of 155,850 
horsepower by the summer of 1960. 
The system selected and utilized by 
Columbia Gulf is the time-code meth- 
od developed by Union Switch & 
Signal Division of Westinghouse Air 
Brake Company, he stated. This sys- 
tem transfers information from one 
location to another by applying a 
series of character pulses on a line 





“In the past several years, pipeline management has shown a 
greater willingness to evaluate, develop and adopt automation 
techniques ..... than many other elements of industry.” 


G. L. Maciula, Chief Engineer, Service Pipe Line Company 





circuit. Each pulse reports one seg- 
ment of intelligence. A code system 
counts the pulses, identifies each pulse 
as to its position in the code and gives 
each pulse an individual character. 
Each pulse is registered at the receiv- 
ing location. He stressed the fact that 
false or incomplete pulses will not reg- 
ister or be received. 


Displacement of personnel as a re- 
sult of automating a pipeline was 
brought in for discussion. Said Mr. 
Orlofsky: “where mechanical sequenc- 
ing manipulations have replaced per- 
sonnel, available manpower can be put 
to greater and broader use. The job 
skills of the pipeline personnel are 
upgraded, for the existing personnel 
are required to develop the abilities 
that are needed to maintain the instru- 
ments and equipment of automation.” 


In his concluding remarks, Orlofsky 
asked the truth-seekers to “move ahead 
with the progressive thinking ex- 
pressed through the science of auto- 
mation.” “Let us,” he went on, “adopt 
attitudes that are befitting to our pro- 
fession. Let us be able to say that we 
have in our own way contributed to 
the progress of our company, our in- 
dustry and to the well-being of our 
fellow man. The accomplishments and 
progress that we become a part of 
will remain long after the dull echoes 
of the barrier-builders are heard no 
more!” 


While Orlofsky’s remarks were di- 
rected to the pipeline industry in gen- 
eral, his reflection were based primari- 
ly on experience with automation 
equipment in the gas transmission 
field. In a preceding talk to the same 
audience of instrumentation engineers, 
G. L. Maciula, Chief Engineer of Serv- 
ice Pipe Line Company, presented a 
discussion of the operating philoso- 
phies which should be considered in 
instrumentation of liguid system de- 
sign. He reviewed the organizational 
arrangement of humans and machines 
from the standpoint of the degree of 
systems engineering required to de- 
velop the best division of responsibil- 
ity as dictated by current pipeline 


operating needs for reliability. Maci- 
ula’s talk was titled “What Manage- 
ment Expects from Instrumentation 
Engineering for the Liquid Pipeline 
Industry.” 


Maciula focused his attention on 
the overworked term ‘Automation’ 
by considering the cost, availability 
and reliability of instrumentation and 
communication techniques associated 
with it. He claimed that these are 
major considerations which must be 
realistically evaluated in formulating 
management policies concerning pipe- 
line design and operation. “More often 
than not,’ he said, “before manage- 
ment can adopt certain automation 
concepts as acceptable, the engineer 
must be capable of proving that the 
proposed technique is safe, econom- 
ical, practical, and reliable.” 


Mr. Maciula discussed the manage- 
ment-engineer relationship in a real- 
istic fashion. “Experience has shown 
that where good communication and 
cooperation exist between manage- 
ment and engineers, much has been 
done to dissolve any dilemma that 
may exist. Ir may be presumptuous 
on my part, but it seems to me that 
on the whole, the pipeline industry 
management has in the past several 
years shown a greater willingness to 
evaluate, develop, and adopt automa- 
tion techniques more rapidly than 
many other elements of industry.” In 
this respect, Maciula’s views are sim- 
ilar to those expressed by Orlofsky. 


Maciula went on to declare that 
management's acceptance of various 
automation concepts as policy is con- 
tingent on hardnose economics and 
proved reliability. To him, it is not 
good business to automate a pipeline 
system merely to be fashionable, nor 
to operate it inefficiently or unsafely. 
“Since new and improved automation 
techniques are constantly being devel- 
oped every day,” he continued, “it 
would be impractical to adopt rigid 
policies or standards in regard to de- 
sign and operating practices. However, 
it is necessary to establish certain cri- 
teria that will serve as guideposts in 


designing pipeline facilities or in eval- 
uating automation techniques.” 


The application and limitations of 
automation equipment also was dis- 
cussed briefly. He believes that pipe- 
line industry management and engi- 
neers are aware that a completely 
automated pipeline system controlled 
and operated by some form of elec- 
tronic computer is a distinct possibil- 
ity. While it is conceivable, he de- 
clared, there are many variables and 
complexities in each stage that will 
require current local solution. “Fluc- 
tuation in market demand for refined 
products, routine and emergency 
changes in refinery schedules, the 
complexity of handling a great num 
ber of batches through a multiple line 
system of varying diameter pipe, vari- 
ations in characteristics of crudes and 
production allowables, and many other 
factors, require tailor-made controls 
that can be adjusted for changing op- 
erating functions for each segment of 
a pipeline system. Our immediate task 
is to design well to provide reliable 
and flexible solutions of these local 
problems for management.” 


In the final analysis, thinks Maciula, 
automation cannot replace the factor 
of human judgment. “Rather, automa- 
tion is simply a tool of engineers and 
management, and our problem is to 
place this tool to work in liquid pipe- 
lines for increasing quality control and 
efficiency of operation.” 


Mr. Maciula concluded his remarks 
by emphasizing the need for the engi- 
neer and management to be alert to 
the profound possibilities of the furure 
in selecting and designing instrumen- 
tation techniques for present-day re- 
quirements. 


“It is difficult to visualize the type 
of basic instrumentation, and remote 
control and telemetering concepts that 
will best lend themselves to the to- 
tally automatic operation. But there 
is no doubt that serious and realistic 
thought about the selection of systems 
and equipment can enhance the possi- 
bility of adopting present-day tech- 
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“Automation ..... is the only way in which pipeline transpor- 
tation costs can be held at their present low levels in the face of 
increasing labor and material costs.” 

F. O. Stivers, Humble Pipe Line Company 





niques to the ultimate in automated 


pipelining.” 


It is Mr. Maciula’s opinion that 
great strides are being made in the 
field of automation and, in his own 
words, “it is in this area that tre- 
mendous opportunities prevail for im- 
proving the safety, reliability, and 
quality of service, with a minimum of 


cost.” 


The future trends in pipeline in- 
strumentation and control equipment 
were the basis of a talk given by F. O. 
Stivers, of the Humble Pipe Line 
Company. In the course of his dis- 
cussion, automation came in for a full 
measure of consideration. His talk was 
entitled “Future Requirements for 
Pipeline Instrumentation and Control.” 
Stivers based his predictions of future 
trends in pipeline equipment on what 
has been accomplished in the past. 
“By this method,” he claims, “we 
should be able to make some predic- 
tions concerning the future.” 


“Even in the early 30’s, when one 
would think that relatively-low man- 
power costs would not promote un- 
attended station operation, such sta- 
tions were being used. Although these 
stations today appear to be small, at 
that time they were large trunk-line 


facilities.” 


Since the early 1940's, said Stivers, 
there has been a large-scale trend to 
‘one-man’ stations which were permit- 
ted at that time because of the re- 
liability of available instruments. This 
evolution reflected the design engi- 
neer’s response to changing economic 
conditions. Money continually was be- 
ing invested in instrumentation with 
the hope that future costs put out for 
operating labor would be saved. “Since 
the mid-1940's,” he continued, “many 
completely unattended stations have 
been built and are now operating re- 
liably. This trend is now called pipe- 
line automation. It is the only way in 
which pipeline transportation costs 
could be held at their present and past 
low levels in face of increasing labor 


and material costs.” 
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One of the problems of economics 
involved in operating a pipeline at a 
reasonable profit is the increasing cost 
of materials and labor. This cost in- 
creases as larger volumes of oil and 
gas are put through as a result of ex- 
pansion and improvement of existing 
equipment. As the various factors 
change, a re-evaluation must be made 
of station spacing to minimize costs 
of the pipeline itself and limit the 
maintenance manhours which will be 
required. Mr. Stivers continued 


“It must be conceded that the mini- 
mum in direct operating labor is 
achieved in the remotely controlled 
station. The manager of a pipeline is 
not going to agree to a pump station 
design which offers low direct labor 
costs, but, at the same time, requires 
an equal cost for instrument service. 
Management is interested, with few 
exceptions, in spending money only 
where there is a reasonable chance to 
recover it, plus a reasonable profit, 
through savings or earnings. As stated 
before, unattended pump stations are 
an effort primarily to minimize the 
need for manpower.” Unattended op- 
eration here is construed as a form of 
automation. 


Stivers declared that pipeline de- 
signers can no longer pay out auto- 
mation by labor savings, and suggested 
that automation can grow only when 
justified by other means. He cited 
three of the following means: 


1. An increase in over-all system 
efficiency which will permit a 
pipeline to handle an _ extra 
throughput. The term “efficien- 
cy” can be misleading in this 
case, in that actual power or 
energy cost savings are not in- 
tended. Where it may be possible 
to save a few dollars in this man- 
ner, the efficiency that is referred 
to is that which permits handling 
of more material with a given 
physical pipeline system. 


New projects may become eco- 
nomically feasible when they are 


designed to include the latest ad- 
vances in instrumentation and 
control. Proposals found to be 
uneconomical in the past thus 
could become realities through 
new techniques or new instru- 
ments. An example can be found 
in the recently-built engine-driv- 
en compressor stations. Until the 
last few years, it was believed 
that a man must feel the bearings 
for temperature and vibration 
and be available for starting and 
stopping of big internal-combus- 
tion engines. These functions 
now are provided by instruments. 


Lastly, a savings in instrument 
and control investment. Simplici- 
ty ... is a concept that should 
be followed closely by the pipe- 
line engineer. ‘Unnecessary ex- 
pense’ is the only way to describe 
some past investments in instru- 
mentation. 


Over-instrumentation is a_ pictall 
which must be avoided by the design 
engineer. A design engineer can be- 
come very unpopular with mainte- 
nance and management people when 
it is reported that the pipeline is shut- 
down or has been limited in capacity 
due to failure of an instrument. This 
can turn into a serious situation and 
cause a negative reflection on auto- 
matic control equipment. But, believes 
Stivers, automatic pump stations have 
been used long enough to forget the 
need for duplicating a manned opera- 
tion. It is his considered opinion that 
experience of the pipeline industry 
now is sufficient to justify custom de- 
sign of instrumentation and control 
equipment. He offers the following 
advice to instrument manufacturers: 


“A supplier of pipeline instruments 
should keep in mind the physical di- 
mensions of the system of his pros- 
pective purchaser. Pipeline facilities 
are spread over a wide area and must 
operate continuously for many days 
without servicing or shutdown. Instru 
ment trouble in a process plant can 





“The natural-gas transmission industry is 
recognizing the advantage of automation. 
Where else is there an industry that can so 


readily adapt to automation?” 


Sy Orlofsky, Vice President 
Columbia Gulf Transmission Company 





be repaired within twenty or thirty 
minutes by a man always on call. But 
defective devices on a pipeline might 
cause eight or ten hours shutdown, 
and, as noted before, a costly reduction 
in capacity. 


"One of the pipeliner's future needs 
can be met only by simplification. For 
instance: If we assume that a pipeline 
station consists of a pump or com- 
pressor and prime mover, then any- 
thing more than the minimum of con- 
trols must be considered superfluous, 
insofar as the owner's transportation 
business is concerned. The designer 
will not intentionally put in three 
pumps when two will do, likewise he 
should not put in ‘gingerbread type’ 
instruments and controls when simpler 
devices will meet his needs . . .” 


In his closing remarks, Stivers de- 
clared that there was a need today for 
an inexpensive all-purpose analyzer 
that can be used for scheduling and 
dispatching, a sort of computer or sys- 
tem analyzer. His opinion is that much 
development is yet to be done on such 
instrumentation. “Pipeline flow prob- 
lems are complex,” he stated, “and 
although they can be satisfactorily 
solved by present day computers, there 
is undoubtedly a place for a special 
instrument.” 

Instrument design engineers, he 
continued, should follow the example 
of the pipeline engineers and custom 
design their equipment for pipeline 
use. It is no longer necessary for pipe- 
line management to utilize instru- 
ments and equipment which was de- 


signed primarily for use in the process 
industry or the missile programs. 


Simplici:, , according to Mr. Stivers, 
is the keynote which will satisfy the 
instrumentation and control equip- 
ment requirements of the pipeline in- 
dustry. Complicated ‘fringe benefits’ 
should be kept out of the instrument 
and control design of a pipeline com- 
pressor or pump station, he concluded. 


It can be realized from the remarks 
of the above speakers that the ‘great 
expectations’ of management within 
the pipeline industry are based on 
proper instrumentation designed by 
competent engineers for purely auco- 
mated systems. It appears, from all 
outward indications at present, that 
these promises will be fulfilled in the 
near future. 





Job Openings for Top Brass Drop Sharply 


For the balance of 1960, US big business will want far 
fewer high-paid executives than they absorbed in 1959's 
second half. When, last February, Executive Manpower 
Corporation, New York City, polled 145 firms (average 
yearly sales $106 million) the big companies needed only 
2.5 executives each. Eight months ago, they wanted 3.2 
men for $10,000 to $100,000 per year jobs—a 20% drop! 


Among these 145 firms, the 365 executive-level job 
openings for 1960 break down percentagewise as follows 
(Figures in parentheses show breakdown as of June, 1959): 
sales executives—27.1 (23.2); engineering management— 
22.5 (23.6); manufacturing /production—18.6 (25.7). Note 
the gaining demand for engineering managers. Also more- 
wanted for 60 will be marketing /advertising executives— 


11 (6.6). 


And thar's gold in them thar jobs! While 84% pay 
“only” $10,000 to $20,000 yearly, 12% return $20,000 to 
$40,000, and 3% (up from 1.4% in '59) will make their 
lucky holders $40,000 to $75,000 richer every year. 


While there will be fewer of these top executives hired 
in ‘60, most of them will work at newly-created jobs (52%) 
rather than replacements (48%). And they will swing tre- 
mendous power: the 145 firms polled aggregate annual 
sales of $13.1 billion. 

As to how they expect to find all this top-drawer man- 
power, the firms report: within the company—64%; man- 
agement recruiter—37%; by advertising—33%; and 
through employment agencies—32%. So, if you're hanker- 
ing after top-brass status—chances are you'll find your pot 
of gold within the company that now employs you! 

Consensus was that most-difficult executives to find will 
be engineers (58 mentions), sales (27 mentions) and man- 
ufacture/production (26 mentions), which is about the 
same as reported in 1959. 

Here's how the polled firms break down: fabricated 
metal (23), machinery (16), chemical (15), food (12), 
electrical machinery (10), pulp and paper (9), transporta- 
tion (9), ceramics (8); and instruments, primary metals 
and transportation equipment (all 7). 
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Studying the Two-Phase Servomotor 


by BENJAMIN C. KUO 
Assistant Professor 
Electrical Engineering 
University of Illinois 
Urbana, Illinois 


IN STUDIES of linear feedback 
control systems, it is common to write 
the transfer function of a two-phase 


servomotor as 


®n(S) Km 


—— (1 
Vo(S) S11 + STm) , 


where ®,,(S) is the motor shaft dis 
placement, and V2(S) is the control 
phase voltage of the motor; K,, and 
Tm are treated as constants. It is well 
known that two-phase motors possess 
nonlinear characteristics; thus Equa- 
tion (1) is obtained only after assum- 
ing that the motor’s torque-speed char- 


acteristics are parallel, straight lines, 
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TORQUE 
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equally spaced for equal increments of 
the control phase voltage Vo. Figure 1 
shows a typical set of actual constant- 
voltage torque-speed curves. It is ap- 
parent that these curves are nonlinear 
except in the very-low-speed area and 
the region of low control-voltage Ve. 
The motor gain-constant K,, and mo- 
tor time-constant T,, are given by 


i k (2) 


where 
blocked rotor torque 
(at V2 = rated value) 


rated control phase voltage 


(Vo V1) 


slope of torque 
Vs = 
speed curves 
blocked rotor torque 


no-load speed 


2000 3000 4000 


SPEED (RPM) 
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where J» and f», are the inertia and 
viscous friction of the motor respec- 
tively. Since the slope of the torque 
speed curve m varies when V2 is va 
ried, K,, and T,, are not constant. 


Object 


The object of this experiment is to 
illustrate important nonlinear 
aspects of two-phase servomotors, in 
order that students will realize that 
basic assumptions must be made in 
deriving the linear Equation (1). 


some 


Required Equipment 
Laboratory dynamometer set. 


Tachometer head, Model 506A; Fre- 
quency meter, Model 500C (for motor 
speed measurement); both Hewlett- 
Packard. 

Amplifier-pen-recorder, Offner Dyna- 
graph, Type 542. 


2-phase servomotors (Two required), 
Diehl FPE-25; 75 volt, 60 cycle, 5 


watts. 


Switch for deceleration test (Figure 3). 


Procedure 


By using a small laboratory dyna- 
mometer set, the torque-speed curves 
for a two-phase servomotor can be ob- 
tained. A balance arm is attached to 
the stator shell of the motor under test 
(motor #1). A second motor (motor 
#2) which is fastened to the base of 
the dynamometer set, and directly 
coupled to motor #1, is used as a 
variable load. 


Figure 1. Constant-voltage torque- 
speed curves for a Diehl 2-phase 
servomotor. 





Figure 2. Constant-current torque- 
speed curves for a Diehl 2-phase 
servomotor. Current for fixed phase 
set at 90 ma. 


1. Constant-Voltage 
Torque-Speed Characteristics 


Step a. Apply rated voltage V; to the 
fixed phases of both motors. 


Step b. Apply a constant voltage V2 
to the control phase of the motor un- 
der test. The motors begin to rotate in 
a certain direction. 


Step c. Apply a voltage V2’ to the 
control phase of motor #2. Varying 
V.’ adjusts the speed of the motors. 
Polarity of V»’ is normally chosen so 
that the speed of the motors decreases 
as V2’ increases. 

Step d. Increase V2’ and note that at 


one point the motors stop rotating. 


Step e. Increase V2’ further. Note that 
the motor reverses direction; this 
makes possible the determination of 
curves for negative speed area. 


Step f. Measure the torque developed 


by motor #1 for any constant V2 and 
speed, by taking the product of the 
balance arm length and the necessary 
balancing weight. Plot curves similar 
to Figure 1. 


2. Constant-Current 
Torque-Speed Characteristics 


The curves obtained above and 
shown in Figure 1 indicate that their 
slopes are always negative; since it is 
apparent from Equation (5) that m 
corresponds to an internal damping 
effect, the total damping of the motor 
would then seemingly always be posi- 
tive. This is not true, however, since 
under certain conditions the motor is 
capable of running with only the fixed 
phase excited and the control voltage 
V> being identically zero. This phe- 
nomenon, called “single phasing,” 
causes unstable operation because the 
source impedance seen by the motor 
has a great effect on its internal damp- 
ing. Whereas the curves shown in Fig- 
ure 1 are obtained experimentally by 
exciting both phases of the motor from 
a zero impedance source, under actual 
operating conditions the control phase 
usually is driven by an amplifier with 
finite output impedance. 


A typical set of constant-current 
curves is shown in Figure 2. These 
curves can be plotted by using essen- 
tially the same technique as in the 
foregoing portion of the experiment. In 
this case, however, the current, rather 
than the voltage Vy, in the control 
phase, is held constant. Note that since 
the slopes of the curves are positive 
in the low speed area, the internal 
damping is negative. Therefore, there 
is a critical source impedance, above 
which the internal damping is nega 
tive, resulting in instabiliry. 


3. Determining Motor 
Gain Characteristics 


For a constant control phase voltage 
V2, Equation (1) may be written as 


V2Ky 


Fa+sT,. © 


By applying the Final-Value Theo- 
rem of the Laplace transformation to 
(6), it follows that 





Figure 3. 
Simple 
schematic 
for de- 
celeration 
test on a 
2-phase 
servo- 
motor. 








steady-state speed 
Ve 


ws (7) 


From (7), the plot of K», vs. V2 is 
obtained by applying different values 
of V2 and observing the steady-state 
speed of the motor. 


4. Evaluating 
Time-Constant Effects 


The time constant (T,,) of the mo- 
tor can be evaluated by running a 
deceleration test. A simple circuit dia- 
gram for this is shown in Figure 3. 
The motor is brought up to speed, and 
then the windings are de-energized 
If a very-low voltage of about 2 or 3 
volts is applied to the fixed windings, 
the voltage output of the control field 
is proportional to the motor speed. 
This is recorded and the time constant, 
i iS easily eV aluated from the speed 
vs. time curve. The procedure is re- 
peated for several values of V2 to plot 


Tm vs. Vo. 
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How Reliable Are 


the Two New High-Temperature 


Thermocouples in Vacuum? 


by DR. F. W. KUETHER 
Senior Research Scientist 
Minneapolis Honeywell Research Center 
Hopkins, Minnesota 
and JOHN C. LACHMAN 
Aircraft Nuclear Propulsion Department 
General Electric Company, Cincinnati 


Lively interest recently was 
aroused by the commercial avail- 
ability of two new kinds of ther- 
mocouples (See box, opposite 
page): Rhodium-iridium ‘iridium 
couples promise to replace plat- 
inum-based types up to 3600° F 
—600° above platinum limits — 
particularly in oxidizing atmos- 
pheres. Tungsten ‘rhenium’ cou- 
ples can replace in reducing at- 
mospheres, inert gases and vac- 
uums, the Chromel/Alumel® 
types at 4000°F; and (while not 
yet recommended) potentially 
up to 5000°F—2600°F above the 
Chromel Alumel limit! But for 
neither type are calibration data 
yet definitive, nor is Bureau of 
Standards certification yet avail- 
able. To supply some of these 
missing data, ISAJ is particular- 
ly proud to bring you this second 
in an exclusive two-part report 
on original research by General 
Electric and Minneapolis-Honey- 
well, (Part I: p. 67, ISAJ 3/60) 


® Trademark, Hoskins Manufacturing 
Company. 


Abbreviated notations used for con- 
venience in this article take the 
form illustrated by “60Rh40Ir/Ir” 
and “W/Re,” with polarity indicated 
by listing the more positive element 
first, before the virgule (/). 


IT IS DIFFICULT to overempha- 
size the importance of thermal-emf 
stability in thermoelectric sensing ele- 
ments. Accurate initial calibration is, 
of course, highly desirable, although 
its practical value sometimes depends 
on the certainty with which the opti- 
mum process temperature is known. 
No doubt every instrumentman is fa- 
miliar with the empirical approach to 
setpoint adjustment. But no matter 
how accurate the initial calibration, if 
the sensing element tells a gradually 
changing story about the same event 
as it recurs, either process control or 
high-temperature research becomes a 
complex guessing game. 

Earlier estimates of the reliability of 
these new thermoelectric materials 
have been verified by carefully-con- 
trolled experiments in our Research 
Center near Minneapolis. Both new 
couples compared advantageously with 
a certified 90Pt10Rh/Pr couple used 
in the same experiments, especially 
the W/Re couple. (For key to chemi- 
cal symbols, see box, opposite page.) 

At its outset, the primary purpose of 
our research program was to establish 
calibration data for the new thermo- 
electric materials with accuracy suffi- 
cient to resolve some uncertainties 
shown by disagreements among pre- 
viously published findings.’:*+* Our in- 
tention was to use certified platinum 
thermocouples (90Pt10Rh/Pt) as cali- 
bration standards, supplemented, of 
course, by optical pyrometry. But it 
soon was evident that our calibration 
standard was a “rubber yardstick,” 

‘Superior numbers refer to similarly 


numbered references at the end of this 
article 


yielding higher and higher tempera- 
ture readings (higher emf's) at the 
same actual temperature in the course 
of repeated heating and cooling cycles 
Six other thermocouple materials (po- 
tentially 15 different thermocouples), 
which simultaneously underwent the 
same thermal cycling, substantially 
agreed (with corroboration from other 
sources) that the same temperature was 
being accurately reproduced, and that 
the certified materials were in fact 
changing in thermal emf. 

By fortunate chance, we had ob- 
tained poor-quality specimens of cer- 
tified platinum and platinum-rhodi- 
um.* Both these thermocouple ele- 
ments showed large shifts of thermal 
emf. The average platinum shift was 
nearly twice as much as the alloy. But 
because shifts were in the same di- 
rection, one partly cancels the other 
in the data table presented here; that 
is, the emf shift quoted for the pair 
is smaller than it would be if the plat- 
inum-rhodium leg had remained sta- 
ble. 

Note that two aforementioned ma- 
terials which displayed no shift of 
thermal emf were platinum and plat- 
inum-rhodium from a noncertified lab- 
oratory supply. Clearly, this shift és 
not an inherent property of platinum 
or platinum-rhodium. Neither can the 
shift be attributed to contamination by 
the furnace of the materials under 
test, for the laboratory platinum and 
platinum/rhodium were subjected to 


t Since certification measurements do 
not include temperature cycling, the 
thermal emf changes reported here 
were not observed during certifica- 
tion. 
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the same conditions, at the same time, 
and therefore should have been af- 
fected in the same way as the certi- 
fied materials which showed the shift 


Requirements 
for Reliable Thermocouples 


Some factors affecting thermocou- 
ple reliability might not always be 
fully appreciated. The basic physical 
requirements are fairly obvious. A 
thermocouple material must be dura- 
ble enough under the expected en- 
vironment to provide acceptable life. 
For example, the absolute tempera- 
ture limit is set by the melting point, 
although the practical limit often is set 
by physical or chemical changes oc- 
curring as some  appreciably-lower 
temperature. 

Nearly as obvious is that the two 
couple materials must generate a usa- 
ble signal. The larger the emf and 
emf-change at a given temperature, 
the more accurate the resulting tem- 
perature indications. 

Easier to underestimate is the im- 
portance (and difficulty) of selecting 
wire stocks for certification, with as- 
surance of sufficient thermoelectric 
uniformity of each certified lot. Wires 
drawn from separate ingots can differ 
considerably in thermal emf. More 
important, however, and not generally 
recognized by users, is that one such 
wire will not necessarily develop one 
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Figure 1. Vac- 
uum furnace in 
which experi- 
ments were 
performed. 
Many thermo- 
couple wires 
(A) are me- 
chanically 
joined by 
molybdenum 
block (B) and 
heated by radi- 
ation from re- 
sistance-heated 
carbon element 
(C). Wires (A) 
are separated 
by ceramic in- 
sulator (D) as 
they are led to 
water-cooled 
copper blocks 
(E). (A) and 
(B) together 
comprise the 
measuring 
junction, and 
(E) the refer- 
ence (cold) 
junction. 


ATER ~ COOLED 
ELECTRODES 


and only one emf for a given tempera- 
ture gradient, everywhere along its 
length. In practice, any such departures 
from thermoelectric uniformity in a 
given wire mean calibration inaccu- 
racy and probable errors in tempera- 
ture measurements by thermocouples 
made from that parent stock. 


This problem can be illustrated by 
examples from our earlier studies.® 
We compared thermal emf's of speci- 
mens from 10 lots of molybdenum 
wire, drawn from lead and tail ends 
of five ingots. Differences in emf at 
3500°F were equivalent to errors in 
temperature measurement of +415° 
F, with a Mo/Re thermocouple. An 
initial selection, by eliminating from 
consideration one specimen of con- 
spicuously poor quality, left nine wires 
yielding maximum probable errors of 

13°. But successive lengths cut from 
one carefully selected wire reduced the 
4°F. Similar 
studies showed that tungsten wires 
could be selected to yield equivalent 
errors of +3°F at 3600°F. Thus, the 
first step toward accurate thermocou- 
ple material calibration is selection 
from wire stocks with highly uniform 
thermoelectric properties from end to 


maximum error to 


end. 


Finally, there is the problem of ther- 
mal-emf stability—the principal topic 
of this article. That many thermo- 
electric materials change thermal emf 


after repeated heating and cooling or 
prolonged exposure to higher tempera- 
tures has long been recognized. But, 
the possible magnitude and practical 
importance of such shifts on measure- 
ment and control accuracy have not 


been appreciated generally. 


Reliability of Data 


The tables herewith were derived 
using a new technique, designed to 
minimize experimental error. The 
method is outlined here to provide a 
basis for evaluating results. 

The most important contribution of 
this method is that it permits meas- 
urement, in quick succession, of emf’s 
developed between one wire and each 
of several other wires making up a 
compound hot junction; during this 
time junction temperature is held con- 
stant within very small limits, frequent- 
ly +0.2°F at 2600°F. Contributing to 
this stability were the fast response of 
the thermocouple-actuated electronic 
furnace-control system, and the ther- 
mal inertia of the compound junction, 
which has appreciable mass (Figure 
1). Actually, the automatic control sys- 
tem operated as a vernier adjustment. 
It commanded only a small part of the 
total power input to the carbon-re- 
sistance vacuum furnace, which had 
sufficient heating and cooling capacity 
to drive the hot-junction temperature 
between room ambient and 3600°F 
in about five minutes. The furnace 
usually was evacuated to pressures of 
0.1u Hg; so the hot carbon of the 
heating element could be assumed to 
react quickly with any remaining 
traces of oxygen. Heat treatment and 
contamination that can occur in join- 
ing wires by fusion were avoided by 
mechanically anchoring several wires 
separately inserted into drill-holes in 
a molybdenum block by compression 
of the block. This junction assembly 
evidently was quite isothermal: no 
indication that significant emf's were 
developed between the molybdenum 
block and the wires was detected.5 
Compound-junction test-specimen ma- 
terials included: 


Pt: certified platinum* 

90Pt10Rh: certified platinum-rho- 
dium* 

Pt: platinum from the laboratory 
supply 

90Pt10Rh: platinum-rhodium from 
the laboratory supply 


* Italics will be used throughout to 
identify the certified materials. 





W: tungsten wire from a lot pre- 
viously selected for uniformity 

Re: rhenium wire (also studied for 
uniformity) 

Ir: iridium wire 

60Rh40Ir: rhodium-iridium alloy 
wire 


Numerical values of temperature 
shown in our tables were assigned ini- 
tially according to the calibration of 
the certified 90P?10Rh/Pt pair, before 
these wires had been subjected to 
temperature cycling. After the shift 
of thermal emf in the certified ma- 
terials had been demonstrated, these 
numerical (Fahrenheit) values were 
considered merely nominal, not suf- 
ficiently certain for our original pur- 
pose. But the marked stability of the 
six other members of the compound 
junction (of four in particular) offered 
a means of determining with high cer- 
tainty that previous temperatures were 
being accurately reproduced. Since it 
is possible to choose from among 6 
different thermocouple materials as 
many as 15 different pairs, the equiv- 
alent of 15 separate thermocouple 
measurements was available. Among 
these, the emf of the W/Pr pair is 
roughly two to three times the output 
of 90Prt10Rh/Prt. On such an electri- 
cal scale, minute changes in tempera- 
ture are highly magnified. With this 
and the closely agreeing evidence of 
other pairs (and of other checks as 
noted later), the margin of error in 
reproduction of a given temperature 
was small indeed (apart from its nu- 
merical value). 


For convenience in carrying out the 
purpose of the research (which was to 
study the characteristics, not necessari- 
ly of one, two, or more pairs, but of 
each and every one of the eight wires 
individually), original data were ob- 
tained by measuring emf between one 
common wire and each of the others 
in turn. (It was obviously important 
to learn, with regard to the certified 
platinum couple, for example, whether 
both materials were unstable, or only 
one or the other). The data presented 
here, as thermal emf’s between tung- 
sten and rhenium, between rhodium- 
iridium and iridium etc., were derived 
from such original readings taken with 
the laboratory platinum as common 
reference. This means that emf quoted 
for a pair not including platinum was 
calculated from readings between plat- 
inum and each of the other two ma- 
terials. For example, the emf quoted 
for GORH40Ir/Ir (5,945 u v at 2000° 


TABLE I—COMPARATIVE THERMAL-EMF DATA FOR HIGH-TEMPERATURE 
F) 


THERMOCOUPLES (to 2600° 





Temperature® 
(Deg F) __ 


_[ 90Pti0Rh/Pti 
400 7 “1,352 
600 2,339 
800 | 8,390 
1000 4,532 
1200 5,662 
_1400_ _ 6,791 
1600 8,003 
1800 9,257 
___ 2000 10,552 
2200 11,870 
2400 13,210 
2600 14,530 





___ Thermal emf (microvolts) 
9OPtIORh /Pt§ 


6ORH40Ir /ir§ 


810 
1,405 
060 


~ W/Re§ 


10 


2, 
a 
3,340 
4,100 
40 


7 
3 
1 


‘ 


17,305 
19,180 


21,060 
22,675 


94 





4,7 
310 


5 
5,945 
6,530 
7,130 
7,750 





*Of hot junction. Cold junction temperature 70° F. 
tAccording to certification 


§Reading in last three columns rounded to nearest Suv. Data for 9OPtIORh Pt (no italics) based on 
noncertified thermocouple wire from a laboratory supply. 





TABLE II—SHIFTS IN THERMAL EMF OBSERVED AT ONE TEMPERATURE 
(2000° F NOMINAL*) AFTER REPEATED TEMPERATURE 


CYCLING TO 2600° F 





7 _ Measured emf (microvolts) 
Material 


Initial — Final? 


10,552 10,736 _ 
10,884 10,884 — 
5,945 5,881 
> le 


90Pt10Rh/Ptt_ 
SOPtIORh/Pt 
GORH40Ir/ir 
Ww/Re 





7 = Thermal Emf (xv) \ 


Observed Shift . 

: Equiv. Temp. (°F) 

Nominal _Tol.§ _ Nominal Tol.§ 

+184 | +10 —“ - 

0 +10 3 zz. 

—64 | +34 -21 = 
; 44 ~ $0. +5 








*See text for uncertainty of numerical value of temperature versus identity of temperatures assigned 


same nominal value. 


+After ten or more excursions to 2600°F and total soaking time at that temperature (in vacuum) of 


more than 20 hours. 


§Estimated maximum uncertainty of measurements and resulting data 


titalics identify the certified platinum materials. 





F, Table II) is the difference between 
the actual emf's measured between 
GORh40Ir/Ir (20,690 u v) and be- 
tween Ir/Pr (14,745 u v). 

The additional uncertainty intro- 
duced by this method of deriving data 
is believed generally less significant 
than that which might have been in- 
troduced by a longer series of meas- 
urements (between every possible 
pair), because of the chance of addi- 
tional error in holding the junction 
temperature constant during the long- 
er period of observation. This added 
factor is considered of major signifi- 
cance (as we shall see) only in evalu- 
ating the data for the 60Rh40Ir/Ir 
couple. 


The Data 


From what we have said about the 
intended calibration standard, you will 
understand why the data (Table I) are 
not offered as definitive calibration 
data for the new thermocouple ma- 
terials. Table I is included primarily 
to permit a general comparison of the 
new thermocouples with the more fa- 
miliar platinum thermocouple, in 
terms of emf available for instrument 
actuation at representative tempera- 
tures, up to 2600°F. Although accu- 
rate calibrations of 90Pr10Rh/Pt to 
2800°F have been published,’ 2600° 


was chosen, in keeping with the ini- 
tial purpose of the research, as a heat 
treatment temperature not likely to 
introduce errors in the calibration data 
because of thermal-emf shifts noted 
by previous investigators as occurring 
in some PrRh/Pt thermocouples after 
treatment at higher temperatures. 

The significant shortcoming of the 
60Rh40Ir/Ir thermocouple that must 
be recognized is its comparatively-low 
thermal emf (and thermoelectric pow- 
er). Thus, for a given measurable 
change in emf (which means a detect- 
able change in indicated temperature), 
the iridium couple would require 
roughly twice as much change in ac- 
tual temperature as the platinum cou- 
ple requires. In contrast, W/Re dif- 
fers from the platinum couple in the 
direction favorable to higher accuracy 
of temperature indication, requiring 
roughly two-thirds to three-fourths as 
much change in temperature for a 
given change in readings. 

However, the main question con- 
sidered here is the thermal-emf sta- 
bility of the thermocouple materials 
investigated. Table II presents data 
illustrative of the relationships found 
between the new thermocouple ma- 
terials, and between these and certi- 
fied and noncertified platinum ma- 
terials. (Note that certified materials 
are identified by italics.) 
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EMF (MICROVOLTS) 








, we 6 £20 @ 
HOURS (CUMULATIVE) AT 2600° F 











Figure 2. Thermal-emf shift as a 
function of time and temperature. 
(Observed at 2000° F.) 


Specifically, the first two columns 
of data show “initial” and “final” val- 
ues of emf at one temperature, identi- 
fied nominally as 2000°F. These are 
based on readings taken before and 
after at least 10 excursions to 2600°F, 
with a total soaking time at that tem- 
perature of more than 20 hours. 


The differences between initial and 
final values in Table II are recorded 
under “Observed Shift,” first in micro- 
volts and then as converted to the 
equivalent errors in temperature read- 
ings that might be expected, at 2000° 
F, if the thermocouples in question 
were used for temperature measure- 
ment (assuming the initial emf read- 
ings to be accurate calibration values). 
These temperature equivalents are 
based on thermoelectric power in tt v 
per degree, which values were graph- 
ically determined from a large mass 
of data. 


For reasons that will be more ap- 
parent later, the maximum uncertain- 
ty of each of these indicated shifts, in 
emf and in equivalent temperature 
indication, is quoted also in Table IT. 
These “tolerances” are based on de- 
tailed evaluation of all the known 
sources of error in the study. 


The zero shift of thermal emf in the 
laboratory 90Pt10Rh/Pt couple is in 
striking contrast to the large shift of 
the certified platinum couple. 

As indicated earlier, special care 
was taken to verify the apparent sta- 
bility of the seemingly-stable materi- 
als, to make sure whether these ma- 
terials were actually developing the 
same emf’s at the same temperatures. 
The fact that, at some temperature, 
the six thermocouple elements agreed 
(four exactly and two almost exactly) 
in developing the same emf's they had 
developed previously at some similar 
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temperature, was not accepted as com- 
plete proof that these two tempera- 
tures were the same, nor that these 
materials were in fact stable in ther- 
mal emf. We used two additional 
methods of verification. 


First: we used the optical pyrometer 
to determine, within the limits of ac- 
curacy of such equipment, that the 
later temperature was the same as the 
initial temperature. It was conceiv- 
able, however, that the six thermo- 
couple materials were simulating sta- 
bility, as a result of exactly equal shifts 
of thermal emf in the same direction. 


So, second: to eliminate this mathe- 
matically-remote possibility, we made 
special provisions in assembling the 
compound junction for replacing one 
tungsten wire with another. The fresh 
wire substituted for the one with an 
extended high-temperature history was 
from the same stock that previously 
had been found highly uniform in 
thermal emf. When emf's developed 
between the fresh tungsten wire and 
the other seemingly-stable materials 
were found practically identical to 
those measured between the _heat- 
treated tungsten and the other wires, 
it became clear that the apparent sta- 
bility of these materials was actual 
beyond question. 


This also meant that the specimens 
of certified platinum and platinum- 
rhodium wire which chance had put 
into our hands were significantly un- 
stable in thermal emf. (Note also the 
narrow limits of uncertainty applying 
to this part of the data in Table II.) 


Inevitably, the question is asked, 
“What causes such shifts.” Although 
further work is being done, our inves- 
tigations of the platinum materials 
used in this research have already 
given strong indications of the prob- 
able answers. 


The shift exhibited by the certified 
platinum materials in Table II is due 
to neither stress relief nor recrystalli- 
zation. Figure 2 is a plot of the chang- 
ing emf's recorded at 2000° F, follow- 
ing each excursion to 2600° between 
the initial and final readings of Table 
II. The asymptotic manner in which 
these emf's approach the “final” value 
is quite apparent. Such an asymptotic 
change continuing over 20 hours of 
heat treatment at 2600° F (in a ma- 
terial melting at 3200°) is clearly not 
attributable to stress relief nor re- 
crystallization. 


The shift exhibited is not due to heat 
treatment of the certified platinum in 
air. Following the data of Table II, the 
certified platinum was heated for five 
hours at 2600°F im air. When meas- 
urements were resumed at 2000° F in 
vacuum, at a cumulative time of 27 
hours (Figure 2), the thermal emf 
observed was 10,750 uv. This shift 
then appeared sensitive only to cumu- 
lative time at 2600° F. 


Upon metallurgical examination of 
the platinum materials, we found pre- 
cipitated impurities only in the certi- 
fied wires. The source of these im- 
purities — whether in the production 
of the ingot or in the metal-working 
equipment — is a question beyond the 
scope of this article. But it is appro- 
priate to reiterate that the cause could 
hardly be contamination in the test 
furnace, since the laboratory platinum 
pair showed no such evidence. This 
appears to be primarily a problem for 
producers and vendors of thermo- 
couple materials; but, in the final 
analysis, the availability of better and 
more reliable thermocouple materials 
must be of some concern to users. 


Stability 
of the New Materials 


The indicated shift of thermal emf 
of the W/Re pair observed at 2000° F 
(which is typical of the data in gen- 
eral) is quite negligible. Since the 
quoted nominal value is a small frac- 
tion of the estimated maximum un- 
certainty, we can say that, within the 
limits of experimental accuracy, the 
tungsten and rhenium pair exhibits no 
shift. 


The results shown for the 60Rh40- 
Ir/Ir pair appear considerably less 
favorable, although here certain miti- 
gating circumstances must be consid- 
ered. We already have noted that the 
low thermoelectric power of this pair 
appears at our present stage of inves- 
tigation to be its significant short- 
coming. This low power (small thermal 
emf) and the indirect method of de- 
termining these emf values (by com- 
putation) combine to magnify the ef- 
fects of small errors in reproducing 
temperatures and holding them con- 
stant. For this reason, attention is 
called specifically to the maximum 
uncertainty quoted in Table II for the 
magnitude of shift in the 60Rh40Ir/Ir 
pair. 





Even if the indicated shift of 64 uv 
is substantially accurate — for that 
matter, even if the actual shift was 
considerably larger — this pair still 
compares well with at least one speci- 
men of a highly-regarded pair of 
thermocouple materials. And however 
much we should like to see proof of 
greater stability and thermoelectric 
power, until something better becomes 
available, the 60Rh40Ir/Ir thermo- 
couples offers us something previously 
lacking: an acceptable thermoelectric 
sensor usable in oxidizing atmospheres 
above the melting point of platinum. 


Emf Shifts 
at Various Temperatures 


The emf shifts in the thermocouples 
discussed have been presented, for con- 
venience, as observed at one tempera- 
ture — 2000° F. Needless to say, 
similar shifts were observed at other 
temperatures over the range presented 
in Table I. 


To illustrate this point, Table III 
summarizes a large number of emf 
measurements of the certified platinum 
pair at representative temperatures 
during the sequence of temperature 
cycles of Table II. Here the differences 
between initial and final emf readings 
are expressed as the error in final 
remeasurement of each temperature 
resulting from the thermal-emf shift. 


Note that the measurement errors 
do not increase in linear relation to 
the temperatures measured. There are 
two reasons for this: 


First: thermoelectric power (tv /deg) 
in general increases with temperature. 
Thus, a given error in microvolts 
yields a smaller error in temperature 
indication at higher temperatures. 
Second: the differences between final 
and initial emf readings varies non- 
linearily with the temperature at which 
the emf is measured. For the certified 
pair, the absolute magnitude of emf 
shift (in microvolts) peaked at about 
1200°, tended to level off at tempera- 
tures up to 2400°, and dropped sharply 
at the maximum heat-treat tempera- 
ture (2600°F). 


Temperature-measurement errors re- 
sulting from thermal-emf shift have 
been found significantly larger, per- 
centagewise, at lower temperatures 
(about 400 to 1600°) than at higher 
temperatures. This might be impor- 


tant when a high-temperature therm- 
ocouple is used for accurate measure- 
ments over a wide temperature range. 


However, because the laboratory 
platinum and platinum-rhodium ex- 
hibited no shift, the shift observed in 
the certified specimens is clearly avoid- 
able. 


An Application Note 


Although this article is not in- 
tended to qualify as “ISAJ Mainten- 
ance Log 99,” one important caution 
to the user is suggested by the ob- 
served effect (mentioned earlier) of 
physical stress on tungsten, in par- 
ticular. An initial heating to a high 
temperature might be needed to insure 
that stress relief or recrystallization has 
been completed, before the thermo- 
couple is placed in service. This ap- 
pears to be of critical importance with 
thermocouples including tungsten. 
Even a slight stressing of the tungsten 
wire (especially after recrystallization) 
can temporarily change its thermal 
emf significantly. 


In fact, when greatest accuracy is 
essential, a good rule for any of the 
high-temperature thermocouples is 
this: Always heat the thermocouple 
for five minutes or more, to a temp- 
erature at least 500° F (if possible) 
above the working temperature, before 
using its output for measurement or 
control. 


Summary 


For maximum reliability and use- 
fulness a thermocouple must be made 
of wires that are not only durable 
under service conditions and capable 
of generating thermal emf’s of usable 
size, but carefully selected for uni- 
formity, from specimen to specimen, 
in thermal emf (initial calibration), 
and for stability of thermal emf in 
service (repeatability). 


The importance of adequate atten- 
tion to the stability factor is indicated 
by the fact that at least one lot of 
certified platinum and platinum-rhodi- 
um wires exhibited significant insta- 
bility of thermal emf, which seriously 
reduced the value of the presumably- 
accurate calibration data. 


Although more-nearly definitive 
calibration data for the two types of 
high-temperature thermocouple ma- 
terials recently made available are to 
be desired, results of laboratory re- 


TABLE II—"“FINAL”’ TEMPERATURE 
INDICATIONS BY CERTIFIED 
9OPtIORh/Pt THERMOCOUPLE 


Indicated Temp.t 
(Deg. F) 


Actual Temperature* 
(Deg. F) 





400 410 

800 821 
1200 1231 
1600 1625 
2000 2027 
2400 2419 
2600 2602 





*Temoerature of hot junction, according to cali- 
bration of certified 90Pt10Rh/Pt thermocouple. 
These temperatures subsequently were reproduced 
with an error no greater than +2°F. 

+As indicated by the certified thermocouple after 
thermal cycling and resulting thermal-emf shift 





search indicate that properly selected 
wires of tungsten, rhenium, iridium 
and rhodinum-iridium can be made up 
into thermocouples of good to excellent 
repeatability, with reasonably accur- 
ate approximations to definitive cali- 
bration. The rhodium-iridium/iridium 
pair promises to be highly useful in 
oxidizing atmospheres from 3000° to 
at least 3600° F. The combination of 
tungsten and rhenium offers an ex- 
cellent thermocouple, of outstanding 
stability and power, for use in other 
than oxidizing atmospheres well into 
the 4000 to 5000° F range. 
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COME TO SAN FRANCISCO during the week of 
May 9-12 for an exciting view of the latest instrument 
hardware and a sparkling array of top-flight technical 
papers. ISA’s Summer Conference and Exhibit is com- 
bined with the 3rd Annual ISA Power Symposium for 
presentations by 90 speakers and 20,000 square feet 
of instrument exhibits. 


WOOLDRIDGE IS KEYNOTE SPEAKER 


Dr. Dean E. Wooldridge, President of Thompson- 
Ramo-Wooldridge and an eminent figure in the field 
of missiles and systems engineering is one of three 
outstanding keynote speakers to be heard at the opening 
session on Monday, May 9th. Also on this keynote pro- 
gram is an equally noted figure in the world of instru- 
mentation, Bernard S. Benson, President of Benson- 
Lehner Corp. His paper title is, “Potential Uses and 
Abuses of Gigantic Machine Memories”. 


MEASUREMENT AND CONTROL 


Control valves, old by comparison with electronic 
hardware but nevertheless important in the modern 
control loop, will be chief topics at these sessions. De- 
sign features, actuator limitations, valve characteristics 
and performance data for a military development pro- 
gram will be discussed. Experience in selecting and 
sizing control valves for centrifugal pumps with maxi- 
mum economy will be covered. The economic aspects 
of assigning pressure drop and thus deciding the valve 
size will be discussed. 


AIR POLLUTION INSTRUMENTATION 


Recent developments in the field of instruments and 
techniques for determination of concentration of con- 
taminants in the atmosphere will be covered by ten 
papers during two sessions on Wednesday and Thursday. 
Included are three papers covering analysis of ozone, 
one involving the use of radioactive clathrates; another 
by the catalytic decomposition of ozone with the use 
of thermistor elements; and the third, a description 
of a new portable recorder. 

A paper from the University of California will discuss 
determination of aerosol particle size and distribution 
with emphasis on field analysis systems. A representa- 
tive of the Los Angeles County Air Pollution Control 
District will review operating experience with auto- 
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matic instruments for monitoring ozone, total oxidant, 
sulphur dioxide, carbon dioxide, and oxides of nitrogen. 

The Thursday session will lead-off with a discussion 
of an olefin recorder using chemical analysis. Two pa- 
pers will describe flame, ionization detectors for meas- 
urement of trace hydrocarbons. Application of a con- 
tinuous recorder will be described for measurement of 
parts per billion of nickel carbonyl, HCl, NHs, tetra- 
ethyl lead and other gases. 

A portable photoelectric aerosol counter and particle 
size analyzer developed at Southern Research will be 
described. A 12-channel analyzer in this unit displays 
a log-log graph of particle size between 0.3 and 5 
microns diameter. 


METEOROLOGICAL CONDENSATION 
PHENOMENA 


An outstanding feature of the San Francisco ISA 
Conference will be two sessions on aerosols and con- 
densation phenomena measurement in cooperation with 
the American Meteorological Society. What is the prog- 
ress in airborne equipment for cloud physics? What are 
the electrical properties of aerosols? These and other 
important questions on small particle atmospheric phys- 
ics will be covered by eminent authorities. Professors 
from California Institute of Technology and the Uni- 
versity of Michigan will describe spectrometers for 
measurement of rain-drop size in natural rain and for 
aerosol analysis. Also to be reported is an experiment 
for determination of droplet size by aerodynamic break- 
up. The San Francisco Bay Area Air Pollution Control 
group will discuss the use of tracer materials to meas- 
ure atmospheric diffusion. 


NUCLEAR INSTRUMENTATION 


This session on Monday will feature papers on the 
selection of electrical insulation materials for radio- 
active environment; the design and performance of a 
light-weight static power inverter using silicone con- 
trolled rectifiers; and the process instrumentation re- 
quired for nuclear reactors. 


SALES MANAGEMENT 


This topic will be conducted as a workshop with four 
top-flight panelists — two representatives from indus- 
try and two military representatives. The topic is a 





Highlights of ISA’s Summer Conference and Exhibit and the 


Third National ISA Power Instrumentation Symposium. Con- 


ference sessions May 9 through 12 at San Francisco's Civic 


Auditorium; Exhibit May 9 through 12 at Brooks Hall; Power 


Symposium May 9 through 11 at San Francisco State College. 


fo ISA's Summer Conference and Exhibit 


timely one, “Developing Sales in the Military Market” 
or how to streamline the contract operations so that 
military instrumentation marketing may more closely 
resemble the procedures commonly found in industrial 
purchasing. Those persons engaged in marketing, sales, 
contract negotiations, purchasing and purchasing speci- 
fications will find this workshop a worthwhile session. 
A big question to be discussed is that of how to reduce 
the time between the initial bid and the final contract. 


MAINTENANCE MANAGEMENT 


This topic too is in the form of a workshop and centers 
around military instrumentation. Six experts represent- 
ing the military service groups and manufacturers who 
supply military instrumentation will discuss mainte- 
nance and reliability plus problems in selecting, train- 
ing and directing activities of maintenance personnel. 


MAINTENANCE CLINIC 


This day-long clinic at San Francisco State College 
will feature nine separate sessions on primary meas- 
urement instruments, transmitters, data handling equip- 
ment, pneumatic and electronic controllers, and tele- 
metering equipment. Representatives from instrument 
manufacturers will provide demonstration equipment 
and instructions. 


DATA HANDLING AND COMPUTATION 


This session on Wednesday at 9:30 am is directed to 
those with an extensive background in design, research 
or operation. The three papers will cover a new solid- 
state, nonlinear analog for computation and data han- 
dling; a discussion of the techniques and equipment for 
power spectral density analysis; and the real-time de- 
mands of on-line process control computers. 


AERONAUTICAL DATA HANDLING 


Of interest to engineers and technicians concerned 
with wind tunnel operation and flight test data process- 
ing will be two panel sessions on Monday. The tech- 
niques of rapid data processing, from acquisition 
through transmission to computation will be explored 
with emphasis on speed of operations. Panelists include 
representatives from six of the largest aircraft and 
missile organizations. 


Plant tourists who visit the Shell Development Company's 
Emeryville Research Center will see this Van de Graaff electron 
accelerator, the first of its type ever built and the most 
powerful source of radiation available to industry. Electrons 
to be accelerated are stored inside the stainless steel dome 
until they are to be used to bombard experimental samples 
in the target room below. 
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Members of the 
Ladies Commit- 
tee outside the 
famed Japanese 
Tea Garden in 
Golden Gate 
Park (I. to r.) 
Mrs. Maxine 
Carpenter, Mrs. 
Doris Held; Mrs. 
Claire Jarrett, 
Mrs. Edith Hoyt, 
Mrs. Thora Lee, 
Mrs. Helen 
Evers, Mrs. Mel- 
va Milligan, and 
Mrs. Dorris 
Stillson. Not 
pictured are 
Mrs. Kathy 
Wayne, Mrs. 
Jean Worley 
and Mrs. Jerry 
Kirkland. 


METALS AND CERAMICS 


This session will feature three papers on measure- 
ment and control techniques in the primary metals 
field. They include the elimination of electrical inter- 
ference in high temperature thermocouple circuits, use 
of infrared measurement techniques, and control of 
sheet and strip mills. 

ANALYSIS INSTRUMENTATION 

The measurement and control of pH will be a high- 

light of this session. A paper from California Research 


Corporation will show a method for designing a pH 
control system to obtain minimum deviation from the 


control point. One paper will describe the application 
of Teflon as a support in industrial chromatograph 
installations. A third paper will describe a boiling 
point recorder per ASTM specifications for petroleum 
products. 


MANAGEMENT AND ECONOMICS 


One of the most sought after pieces of information 
today is how management can determine if an instru- 
ment installation should be made, and if it is made, 
what measures can be used to determine if the decision 
was right in terms of pay-off. Come to San Francisco 
for this panel session on Tuesday and hear a group of 
experienced managers disclose their methods. A second 
panel session on Wednesday will cover the same ques- 
tions for military instrumentation. Military officers, a 
congressman, defense electronics suppliers, and a pro- 
curement officer will exchange views on this subject 
which has political as well as economic consequences. 


ELECTRONIC INSTRUMENT DESIGN 


This panel session will disclose the significant ele- 
ments of the transition from design to production of 
electronic instruments. Three well known manufacturers 
will trace their production procedures. 


VIBRATION AND SHOCK 


The simulation of vibration and shock for testing 
military and industrial instrumentation is growing to 
a major status. A new idea will be presented by Dr. 
Thomas P. Rona of Boeing. He will discuss built-in 
microphonics and interference elimination, high density 
airborne instruments, and equivalent criteria analysis 
which potentially would improve and simplify the prob- 
lems associated with vibration. Also included in this 
Thursday morning session will be a discussion of 
oscilloscope monitoring, and two papers on random 
vibration testing. 
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INSTRUMENT STANDARDS TO COME 


Representatives from nine areas of ISA Standards 
and Practices will form a panel to review progress 
and look into the future. They hope to inform the 
technical public as to how ISA is meeting its obligation 
to assist in the establishment of standards and practices. 
The nine speakers will discuss; Nuclear, Dynamic Re- 
sponse Testing, Variable Area Meters, Thermocouples, 
Flow Meter Installation, Small Case Charts Specifica- 
tions, Aeronautical Standards, and specifications. 


FEEDBACK CONTROL 


Complex control problems require a continuing ad- 
vance in techniques of analysis and evaluation. One 
element is dead-time. A student from the University 
of Tokyo will describe the responses to disturbances 
and the transition of stability according to a parametric 
change of the process relative to dead-time. Two engi- 
neers from Space Technology Laboratories will discuss 
a positional control system using a hydraulic servo 
actuator with coulomb friction load. A third paper will 
present aspects of real-time digital computer control 
systems for industrial applications. 


EDUCATION WORKSHOP 


Training of engineers, salesmen, technicians and 
others in the instrument field at all levels is a never 
ending problem and topic of discussion. Two of the 
several papers to be presented cover the basic needs 
and possible answers, and the application of statistical 
concepts in design work. 


s 


THIRD ANNUAL 
POWER SYMPOSIUM 


The ISA Summer Conference and Exhibit in San 
Francisco will be joined with the ISA Third Annual 
Power Symposium. Five sessions will be conducted 
during May 9 thru 11 at San Francisco State College. 
The Symposium will be opened with addresses by W. L. 
Chadwick, Vice President, Southern California Edison 
Co., and C. C. Welchel, Chief Mechanical Engineer, 
Pacific Gas and Electric Co. 


Session I Two papers will be presented on power 
plant automation. One covers the digital computer con- 
trol of the Huntington Beach Steam Station in Cali- 
fornia and the second paper describes the approach to 
automatic power plant control by Public Service 
Electric and Gas Company in New Jersey. 


Session II Representatives from Leeds & Northrup 
and Hagan Chemicals & Controls will describe their 
latest concepts and philosophies of control for large 
steam generation plants. 


Session III This session will present an analysis of 
heat cycles and how digital and analog computers can 
be used to investigate the relation of each basic heat 
area in the system. The second paper will discuss logical 
approaches to proper commissioning of boiler control 
systems. 


Session IV Instrumentation necessary to meet peak 
loads at Long Island Lighting Company’s new steam 
station will be disclosed at this session. Also a general 
description of instrumentation installed at the Dresden 
Nuclear Power Station will be presented by a repre- 
sentative of the General Electric Co. A third paper will 
discuss instruments used for purity measurements of 
water and steam in high pressure systems. 


Session V_ The closing session will present four pa- 
pers on flame detectors and safety devices. 





REGISTRATION INFORMATION 


Complete and return the advance registration blank 
at right—then simply pick up your badges at the 
Conference and Exhibit and you'll lose no time in 
San Francisco. 

Summer Conference registrants may attend sessions 
of the Power Symposium if they choose, and Power 
Symposium registrants are permitted to attend any 
sessions of the Summer Conference. All social activities 
—plant tours, banquet, etc., are open to registrants 
of both events. 

If you register for the Summer Conference, you are 
entitled to 25 preprints of your own choice; Power 
Symposium registrants will receive a copy of the Sym- 
posium Proceedings. 

Be sure to make hotel reservations early — you'll get 
better, more convenient locations. ISA headquarters 
hotel is the Jack Tar. Other hotels are the Whitcomb, 
Fairmont, Stewart and Caravan Lodge Motel. Power 
Symposium heatquarters hotel is the Sir Francis Drake. 


SOCIAL ACTIVITIES AND LADIES PROGRAM 


Among the social activities is an informal cocktail 
party with hot hors d’oeuvres at 6 p.m. Monday, May 9, 
at the Jack Tar Hotel. 

Ladies activities include a number of exciting planned 
events with plenty of free time for sightseeing, shop- 
ping and exploring the city. 

Registration begins Monday, May 9, at 9 a.m. in the 
Telegraph Hill Room. An afternoon tea is planned 
there, featuring an exhibit of exotic old hats and a 
flower arrangement demonstration. 

Tuesday’s program features luncheon at the Sugar and 
Spice Room of the Jack Tar, followed by a bus tour 
of Golden Gate Park and concluding with tea at the 
famous Japanese Tea Garden. 

Wednesday morning’s activities include a behind-the- 
scenes tour of I. Magnin, followed by an outdoor lunch- 
eon and fashion show at the Canterbury Hotel. 

Thursday’s special treat will be a Sukiyaki luncheon 
at the Yamato Sukiyaki House, winner of five consecu- 
tive Holiday magazine awards for distinctive cuisine. 


PLANT AND VEST-POCKET TOURS 


The San Francisco area plants scheduled for full-scale 
tours include Ames Research Center, Lawrence Radia- 
tion Lab and Shell Development Company. 

U. S. Citizenship is required for the one-hour tour 
of the Ames facility, operated under the direction of 
the National Aeronautics and Space Administration, 
on Tuesday, May 10. 

The tour of Lawrence Radiation Lab on Wednesday, 
May 11, has been planned to give a general concept of 
the facilities and research program. Of particular in- 
terest will be instrumentation and control required for 
operating the Cyclotron and Bevatron particle accel- 
erators. U. S. citizenship is not required for this tour 
and cameras are permitted. 

Tour of the Shell facility at Emeryville will include 
the engine lab; Van de Graaff accelerator; the instru- 
mentation lab where control systems are tested and 
evaluated and special instruments are designed, devel- 
oped and constructed; the analytical lab; and the spec- 
troscopic lab for routine analyses and research in 
petroleum and chemical structure identification prob- 
lems. U. S. citizenship is required and cameras are not 
permitted. 

Arrangements have been completed for “vest pocket” 
tours of Beckman Instruments/Systems Division, Cali- 
fornia Research, Stanford Research Institute and the 
Corps of Engineers model of San Francisco Bay. 

Tentative arrangements have been made for vest 
pocket tours of Ampex Corporation, Varian Associates, 
and Pacific Gas and Electric’s load distribution analog 
computer facility. 





MAKE YOUR ADVANCE REGISTRATION 
NOW ON THIS FORM 


Save time in San Francisco by registering now; 
badges and tickets will be on call at the Confer- 
ence and Exhibit. Mail this form and payment or 
company purchase order to Registrar, Summer 
ISA Conference, Instrument Society of America, 
313 6th Avenue, Pittsburgh 22, Pa. Be sure to 
check the function for which you are pre-regis- 
tering. 

Members of the American Meteorological So- 
ciety are admitted on the same basis as ISA 
members. Membership cards are required for 
identification when advance registration is called 
for at the Conference and Exhibit. 

Surcharge for non-members will be refunded 
if the registrant is admitted to ISA membership 
($12.00) prior to June 15, 1960. 

Be sure to send your hotel reservations to ISA 
Housing Bureau, Room 300, 61 Grove Street, San 
Francisco 2, California. 


Members Non- 
ISA & AMS members 
CONFERENCE—Including 25 
preprints $8.00( ) $12.00( )* 
ne admission to 
posium—no = ae ae em ) 
Pow R SY MPOSIUM—Including 
proceedings 8.00 ( 12.00( )* 
(Includes admission to Con- 
ference — no preprints) 
MAINTENANCE CLINIC 5.00 ( 8.00 ( 
EXHIBIT—No charge with above 
registration; or with compli- 
mentary invitations; or for ISA 
Members. Others 1.00 ( 
PLANT TOURS—(Transporta- 
tion charge only) 2.00 ( 2.00 ( 
PREPRINTS—Complete set 
Conference registrants— 
in lieu of 25 preprints ~ 00 ( 8.00 ( 
All others 8.00 ( 12.00 ( 
PROCEEDINGS—POWER SY eens 
Each purchased copy 5.00 8.00 ( 
STUDENTS—No preprints or 
proceedings 1.50 ( 
LADIES PROGRAM 
**Registration and Tea— 
May 9, 1960 
Tour and Tea—May 10, 1960 
Lunch and Fashion Show— 
May 11, 1960 J J ) 
Lunch and Tour—May 12, 1960 y ) 1 ) 
**Required for attending any one or all functions. 
COCKTAIL PARTY—May 9, 1960 6.00( ) 6.00 1 


*Non-Member surcharges can be applied toward first 


year’s dues (12.00) ISA membership application is 
entered by June 15, 1960. American Meteorological Society 
members admitted on same basis as ISA members. Mem- 
bership card required for identification. 
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Company Purchase Order No. 

(Please Print) 

NAME 

TITLE 

COMPANY 

PRODUCTS OR SERVICES OF YOUR COMPANY 


STREET ADDRESS 
CITY ZONE STATE 


Iam a member of ISA ( ); AMS ( ). 
I am not a member of either of the above (_ ) 
Send me an ISA membership application ( ). 








Please send me the Advance Program for the ISA 
Summer Instrument-Automation Conference and 


Exhibit. 

NAME 

COMPANY 

STREET ADDRESS 

CITY .. ZONE STATE 





April 1960, Vol.7,No.4 / 75 








SOCIETY NEWS 





Big-Game Hunting in El Paso - The Science Student 


The latest sport among E! Paso, 
Texas, scientists and engineers is 
tracking down top-flight science and 
math students in local high schools. 
Hunting is done Frank-Buck, or 
bring-them-back-alive style, and aft- 
er a three-year fattening-up period 
in the local Science Seminar, plans 
are to ship large quantities of per- 
fect specimens to colleges and uni- 
versities throughout the nation. 

Not quite as bloodthirsty as it 
sounds above, the El Paso Science 
Seminar was organized early in 1959 
by educators, scientists, mathemati- 
cians, engineers and members of the 
medical profession. Its purpose is to 
single out top-flight math and sci- 
ence students early in their high 
school years, the sophomore year to 
be exact, and give them an inten- 
sive three-year preview of the peo- 
ple, places, things and ideas they’ll 
work with if they pursue careers in 
science and engineering. 

Meetings are held once a week 
during the school year. Following a 
one-hour lecture on various branch- 
es of science and engineering, stu- 
dents and lecturer have a lively 
hour and a half question and answer 
exchange. 


Students of the El 
Paso Science Seminar 
see a demonstration of 
some of the equip- 
ment in an electronics 
lab. The Seminar start- 
ed in 1959 with 24 
students, will increase 
to 120 students by 
next year. 


At regular intervals, a portion of 
the evening session is devoted to 
small group meetings with counsel- 
ors to determine the individual stu- 
dent’s progress and to answer ques- 
tions about the students’ projects 
and exhibits for the local Science 
Fair. Members of ISA’s Paso del 
Norte Section serve as counselors 
and are also on the curriculum com- 
mittee. 

The curriculum is designed to 
orient students to the Seminar pro- 
gram, to introduce them to the 
scientific method of investigation, to 
help them learn about the require- 
ment for science and math in indus- 
try and research, and to provide 
general information about the vari- 
ous branches of science and detailed 
data about scientific problems of 
particular interest. 

Students make field trips to elec- 
tronics labs, hospital labs, observa- 
tories, refineries and chemical plants 
and are given a chance to operate 
scientific instruments as well as to 
observe the use of complex analyti- 
cal instruments in industry. 

The seminar gives top students a 
chance to study and make experi- 
ments in scientific fields far beyond 


the range normally provided in high 
school courses. Personal contacts 
with scientists and engineers in ed- 
ucation, research and industry give 
them a first-hand appreciation of 
the professions. In addition, they are 
able to make serious studies of sci- 
entific subjects and to begin to 
master the technique of research. 

Though still in its youth, the Sem- 
inar has already provided advanced 
programs. A Mathematics Institute 
was provided for the students in the 
summer of 1959 and will be repeated 
this summer. The 22-day summer 
course included a study of the bi- 
nary and other numbers systems, the 
set theory, Boolean algebra, prob- 
ability, vectors and matrices, linear 
programing and other subjects. A 
special 30-hour course was given in 
developmental reading to increase 
the reading rate and the compre- 
hension level of students in semi- 
scientific and mathematical litera- 
ture. 

The seminar started with about 24 
students early in 1959; 40 more were 
selected in September and the group 
will increase to about 120 students 
next year. Students are selected on 
the basis of tests given in El] Paso 
schools to determine intelligence, and 
ability and aptitude in mathematics, 
engineering and science. The Sem- 
inar is sponsored and assisted finan- 
cially by the El Paso Rotary Club 
and the school system. Local science 
and engineering societies, including 
ISA, provide lecturers and coun- 
selors. 

The El Paso Science Seminar is 
under the active direction of Frank 
I. Gary, president of the E!] Paso 
Teachers Association and a math 
teacher at Austin High School, El 
Paso. 

(Prepared from material submit- 
ted by Kenneth Ruhl, ISA Journal 
Correspondent for the Paso del 
Norte Section.) 





Government Surplus Instruments Available 


Certain non-profit, tax-supported 
and accredited institutions such as 
schools, colleges, hospitals, adult ed- 
ucation groups, etc., are entitled to 
receive free many different kinds of 
surplus government equipment and 
material. 

ISA Sections are often approached 
by local school authorities to lend 
assistance in determining equipment 
needed for school labs and in ob- 
taining such equipment. 
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Information outlining the quali- 
fications and procedure for obtain- 
ing government surplus instruments 
at no cost is available by writing to 
the Department of Health, Educa- 
tion and Welfare, Division of surplus 
property utilization, Room 5720 
HEW Building North, Washington 
25, D. C., and asking for a free book- 
let, “How to Acquire Federal Sur- 
plus Personal Property for Health, 
Education and Civil Defense Pur- 


poses and Federal Surplus Real 
Property for Health and Education.” 
Equipment is often available in 
State Agency warehouses and can 
be obtained after inspection of ware- 
house inventories or items in 
the warehouse. Items noi currently 
available may become surplus at a 
later date, at which time they may 
be picked up by State Agencies and 
made available to applicants who 
have indicated a need for them. 





Toronto Begins Education Project 


A major project of the Toronto 
Section this year has been the or- 
ganization and development of an 
Education Program. 

First step in the plan was to query 
all members on their interests and 
needs in instrumentation education. 
Education Committee Chairman T. 
A. Lisle drew up and circulated a 
questionnaire outlining seven differ- 
ent proposed subjects for a series 
of lecture courses. Each course was 
thoroughly described, together with 
the prerequisites for each. Member 
response was gratifying, with a large 
percentage of the membership turn- 
ing in completed questionnaires. 

As a result, the Committee has set 
up three courses. Classes, which be- 
gan in February, meet twice a 
month. The courses include: 

Basic Electronics, covering diodes 
and triodes, circuit time constants, 
power supplies, electron tube char- 
acteristics, amplifiers, oscillators, 
transistors and simple electronic in- 
struments. The instructors are S. 
Bennett of Moore Instruments, and 
William Stone, B.A. Oil Co. 

Basic Instrumentation, taught by 
J. Rosenberg of Ewbank and Part- 
ners, and Don Vetter, Honeywell 


More than 100 Toronto 
members attended.a talk 
and demonstration of vari- 
ous systems and types of 
safety controls for furnaces 
and boilers at Honeywell 
Controls. Roy Jones of Hon- 
eywell (center) gave the 
demonstration, and seems 
to have caught the interest 
of Toronto President Ken 
Vriesen (left) and Section 
Education Chairman Tom 
Lisle (right). 


Controls, covers basic measurements 
of pressure and temperature, filled 
thermal systems, thermocouples, py- 
rometry, flow, liquid level, density, 
humidity and pH. 

N. Vakil of Canadian Applied Re- 
search and J. Bowley of Orenda 
Engines teach Electronic Instrumen- 
tation. This course covers grid con- 
trol rectifiers, nuclear particles, ra- 





Testing 
the Astronauts 


The instrumentation and _tech- 
niques used in the physical screen- 
ing of the Project Mercury astro- 
nauts were subjects of a _ recent 
Albuquerque Section meeting. 


Members visited Lovelace Clinic 
in Albuquerque, where the tests 
took place, and heard a discussion 
of methods and procedures by Dr. 
Ulrich C. Luft of the Lovelace Foun- 
dation. Dr. Luft is a specialist in the 
biological effects of high altitudes 
on humans. 


Among the specialized instruments 
discussed were the pneumotacho- 
graph for measuring respiratory gas 
flow, the use of the mass spectro- 
graph for gas analysis, the need for 
good recorders and accurate time 
signals where measurement of time 
lag is important, the possibility of 
thermal measurements to indicate 
efficiency or malfunction of body 
organs, and indirect calorimetry for 
investigation of body energy con- 
sumption. 

Dr. Luft used slides and graphs 
to illustrate methods of measure- 
ment of CO, during normal and ab- 
normal respiration, and to illustrate 
the parallels between the instrumen- 
tation and the biological feedback 
computer systems. 


diation detectors and characteristics, 
high voltage power supplies, scaling 
circuits, transducers, recording de- 
vices, ultrasonics, synchros, servo- 
mechanisms and telemetering 

A research and development 
group has also been initiated. This 
group devotes its time to discussion 
and solution of interesting problems 
encountered in engineering. 


Idaho Student Section Chartered 


R. C. Mann (second 
from right) presents 
charter to DeWayne 
Ivie, president of the 
Idaho State College 
Student Section. Look- 
ing on are Section 
officers (I. to r.) Jim 
Egbert, Ken Nukaya 
and James Vogel. At 
far right is William 
H. Shiflett, faculty ad- 
visor to the student 
section. 


ISA’s third student section recent- 
ly received its charter on the campus 
of Idaho State College. 

Numbering more than 50 mem- 
bers, the Idaho State College Section 
is composed mainly of students in 
the Electronics Department of the 
Industrial Technology Education 
School. Several members are from 
the Physics Department. 

The student section, sponsored by 
ISA’s Idaho Falls Section, received 
its charter in February. Charter 
presentation was by R. C. Mann, 
District IX vice-president. 

The main speaker at the charter 
meeting was Kenneth J. Moriarty, 
staff engineer with Argonne Labs at 


the National Reactor Testing Sta- 
tion, Idaho Falls. Mr. Moriarty pre- 
sented a two-hour lecture on Reactor 
Nuclear Measurements and Controls. 
Officers of the new student sec- 
tion are DeWayne Ivie, president; 
Jim Egbert, vice-president; James 
Vogel, secretary and Ken Nukaya, 
treasurer. ‘ 
Committee chairmen include Wil- 
liam F. Barnard, membership; Don- 
ald D. Wheelwright, ISA Journal 
Correspondent; Ronald E. Terry, 
programs; Phillip Lively, education 
and William R. George, delegate. 
Mr. William H. Shiflett, head of 
the Idaho State College Electronics 
Department is faculty advisor. 
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At the January Pittsburgh Section 
meeting—largest ever, with 165 at- 
tending—Dr. Donald Eckman, Di- 
rector of the Systems Research Cen-~ 
ter and Professor of Instrument En- 
gineering, Case Institute, Cleveland, 
presented his outstanding ideas on 
what systems engineering is, how 
systems engineers must be educated, 
and what industries can do to up- 
date their existing staffs into sys- 
tems teams. 


What Is Systems Engineering? 


Said Eckman: A new field of en- 
gineering is arising from two new 
abilities of engineers—better con- 
cepts of engineering behavior, and 
greater use of communication and 
control. These system problems are 
characterized by: 1. greater com- 
plexity. involving many variables; 
2. wider scope, using many disci- 
plines; 3. dynamic behavior, as op- 
posed to static; 4. involvements with 
human behavior. 

However, Dr. Eckman thinks one 
common thread does run through all 
systems problems: A svstem can be 
studied as a purposefu entity, al- 
though its purpose cannot always be 
stated exactly. There is no easy 
agreement as to what a “system”’ is, 
due to the great inclusiveness of the 
term. Eckman’s definition: “A com- 
bination of  functionally-distinct 
physical and human operating ele- 
ments which are connected by com- 
munication paths, and act together 
to produce a set of outputs.” 

Eckman would have systems engi- 
neers: 1. break their problems into 
elements representing functions 
(block diagram) and variables (sig- 
nal diagram); 2. construct a model; 
3. study element behavior; 4. syn- 


Educating the Systems Engineer 


thesize desired elements; 5. deter- 
mine the physical realizability of 
the proposed elements; 6. test the 
finished system for behavior and 
reliability. 


What Must Colleges .Do? 


In Eckman’s view, “seat-of-the- 
pants” instrument engineering is ob- 
solete: our advancing technology 
demands a wholly new approach in 
educating the engineer-scientist. The 
traditional division of engineering 
into electrical, chemical, etc., not 
only is inadequate, but actually han- 
dicaps development of better engi- 
neers. 

Control-systems education must 
begin with undergraduate training 
in basic math, physics and engineer- 
ing sciences. But the traditional 
four-year course can provide only 
the basics. Dr. Eckman asked for 
strong emphasis in three areas: 
mathematics, dynamics and control. 


Systems math must include dif- 
ferential equations, numerical meth- 
ods, probability, vector analysis, 
complex variables, transforms (Lap- 
lace methods, boundary value prob- 
lem, Fourier methods, Bessel and 
other functions), Boolean algebra, 
and advanced techniques. “Every 
one of these areas of applied mathe- 
matics is in use in control systems 
engineering of the present day,” said 
Dr. Eckman. 

Since dynamics underlies modern 
engineering analysis, systems studies 
should include: lumped parameter 
systems, distributed parameter sys- 
tems, discrete systems, stochastic 
systems. 

In automatic control, these studies 
are important, Dr. Eckman said: 1. 
automatic control—simple feedback, 
single variable systems, disturbances, 
stability; 2. control theory—design 
in the complex plane, root locus syn- 
thesis, multi-variable systems, feed 
forward techniques; 3. nonlinear 
control—second order autonomous 
systems, critical points, limit cycles, 
phase plane, describing functions; 


4. discontinuous control—sampled 
data theory, Z transforms, digital 
compensation, multi-rate systems; 
5. quantized control — comparing, 
counting, quantizing, binary coding, 
pulse coding, conversion; 6. statis- 
tical control—random processes, dis- 
tribution, correlation, power spectra, 
noise, filtering; 7. optimizing (adap- 
tive) control—performance criteria, 
direct optimization, model concepts, 
adaptive and prediction techniques. 
As for computer control, Eckman 
believes it requires the following 
studies, implemented only at the 
graduate level, and based on an ade- 
quate undergraduate program: nu- 
merical analysis, advanced mathe- 
matical techniques, digital compu- 
ters, computer programing, control 
theory, optimizing control, and sys- 
tems performance. Upon completion 
of these requirements, a Master of 
Science Degree may be awarded. 


What Must Industry Do? 


The education of the engineer in 
computer control systems is one of 
the most serious personnel problems 
in industrial engineering. Newly- 
trained engineers coming from grad- 
uate engineering programs are ex- 
tremely limited in number and com- 
petition for them is high. 

Eckman feels that industry’s big 
problem is in updating the training 
of the many engineers already em- 
ployed in control engineering. Two 
programs are possible: 1. A large 
full-time leave program in which 
industry sponsors 15 months of en- 
gineering institute study for its most 
able men; 2. A program of partial 
leave at local engineering institutes, 
but avoiding the evening-course 
type study. 

The control-engineer should view 
self-study as complementing and not 
replacing the industry-sponsored 
program. Self-study of mathematics 
is difficult, if not largely impossible, 
and the local programs will greatly 
improve the rapid attainment of a 
minimum capability. 





® Strictly Sectional 


Richmond area engineers, includ- 
ing members of ISA’s Richmond- 
Hopewell Section, met in February 
for the Sixth Annual Joint Dinner 
of Richmond Area Scientists and 
Engineers. Dr. John R. Pierce, Di- 
rector of Research-Communications 
Principles at Bell Telephone Labs, 
spoke on “The Exploitation of 
Space.” 

James Kogen, assistant to the chief 
engineer for GPE Controls, was the 
guest speaker at Milwaukee Sec- 
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tion’s March meeting. He presented 
an evaluation of the status of com- 
puter control. 


Guest speaker at Washington Sec- 
tion’s March meeting was Wilbur 
Marks, physicist in the Fluid Dy- 
namics Division at David Taylor 
Model Basin. Mr. Marks spoke on 
“New Instrumentation — The Key 
to Ship Research.” 


“Multichannel Pulse Height Ana- 
lyzers” was the subject of Savannah 


River Section’s March meeting. The 
speaker was J. T. Johnson of Coun- 
ter Radiation Labs. 


The whys and wherefores of digi- 
tal measuring techniques were sub- 
jects of a talk given by James M. 
McKee of Ridgeway Associates at 
the March meeting of Toledo Sec- 
tion. 


Long Island Section highlighted 
“Environmental Conditions in Space” 
at their February meeting. 





Auerbach Heads 
Data Handling 
Committee 


I. L. Auerbach, head of Auer- 
bach Electronics Corp., has been 
appointed chairman of the new 
Recommended Practices Committee 
8D-RP36, Data Handling and Logic 

Terminology. 
Mr. Aeurbach 
was chairman of 
the provisional 
bureau which or- 
ganized the In- 
ternational Fed- 
eration of Infor- 
mation Process- 
ing Societies. 
IFIPS grew 
out of a meeting 
of 18 computer 
societies in Paris 
last June under UNESCO sponsor- 
ship. 

He holds a number of patents for 
computer systems, magnetic mem- 
ory, magnetic and electronic cir- 
cuits, electronic packaging  tech- 
niques and electrical connectors. He 
directed development of the ICBM 
computer and radar target detection 
equipment for the SAGE Air De- 
fense System. 





A COURSE IN BASIC ELECTRON- 
ICS, designed as a refresher for 
those familiar with electronics and 
as an introduction for newcomers to 
the industry, is being sponsored by 
Central Keystone Section. 

In York, Pa., the course is being 
taught by Charles Brister at the 
York County Gas Company. More 
than 50 ISA members and prospect- 
ive members have signed up at 
York. 

In Lancaster, Pa., the course is 
being taught at RCA’s Lancaster 
plant by John Cottingham. About 20 
students are enrolled. 


A VISIT TO THE STUDIOS of tele- 
vision station WTVT in Tampa, Fla., 
was a feature of Tampa Bay Sec- 
tion’s February meeting. Members 
toured the studios and saw a dem- 
onstration of the operation and in- 
strumentation of a TV studio control 
room and transmitter. 


DESCRIPTION OF THE SAGE in- 
stallation at Truax Field in Madison, 
Wisconsin, so impressed members of 
the Milwaukee Section that they’re 
talking about making a trip there 
to see it for themselves. Interest 
was aroused at the February meet- 
ing when Carleton C. Smith of 
Johnson Service Company told 
about his trip there. Smith said the 
intricacies of the instrumentation, 
and the scope and size of the com- 
puters and monitors seen there make 
this one that has to be seen to be 
believed. 


Computers and Process Control 


Walt Mikelson, senior engineer in 
General Electric’s Industrial Engi- 
neering Section, spoke on the use of 
computers for control of industrial 
processes at the April meeting of 
Eastern New York Section. 

He outlined differences, particu- 
larly with regard to the central data 
processor, between computers used 
for processing business and scientific 
data and those used in industrial 
process control. For example, input 
signals for the process applications 
may include many signals from proc- 
ess sensing elements and from su- 
pervisory sources permanently con- 
nected; output signals may include 
those for the functions of indication, 
recording, printing, and control in- 
itiation of conventional control ap- 
paratus. 

The program of operation is rela- 
tively fixed. There is less manual 
handling of tapes and cards. Con- 
tinuity of service requirement is 
relatively high, and scheduled oper- 
ating time may be twenty-four hours 
per day, seven days a week, for 
months on end, with no scheduled 
down-time for maintenance. 

Mr. Mikelson discussed computer 
capabilities and computer applica- 


tion practices to date in the area of 
automation of continuous processes. 
He described specific examples of 
industrial instrumentation and con- 
trol systems, incorporating a com- 
puter, with regard to functional 
requirements, description of equip- 
ment involved and pertinent appli- 
cation considerations leading to 
choice of system design. 
“Application philosophies for these 
systems,” said Mikelson, “are being 
evolved and will lead ultimately to 
standardized patterns and generally 
applicable guides for optimum inte- 
gration of computers with conven- 
tional process instrumentation, con- 
trol, and power handling apparatus.” 
A member of ISA, Mikelson has 
spent his entire professional career 
in instrumentation. For the past 
year and a half he has been with 
GE’s Control and Instrumentation 
Engineering Unit working on sys- 
tems planning, development of data 
processing and computer control ap- 
plications for industrial processes. 
He holds seven patents and is the 
author of more than 50 technical 
magazine articles and papers. 
(Peter M. McCole reports for East- 
ern New York Section.) 





South Texas Offers Scholarship 


The Executive Board of South 
Texas Section has voted unanimous 
approval of a proposal to offer a 
one-year scholarship to Del Mar 
Technical Institute. 


The scholarship will be offered on 
a yearly basis to a male graduate of 
an area high school. The amount of 
the scholarship is $240 which will 
pay one year’s tuition and buy most 
of the necessary texts. 

The applicant must be in the up- 
per 50% of the class and must desire 
to work with his hands as well as 
his brain. Personality, character, 
general attitude, participation in stu- 
dent activities and financial need 
will be considered. 

The section is emphasizing that 
the candidate desire to be a tech- 
nician rather than an engineer. 


The selecting committee will in- 
clude the Dean of Del Mar College, 
the Director of Del Mar Technical 
Institute, and the President and first 
Vice-President of the South Texas 
Section. 

The first candidate will be chosen 
to enter the Institute this September. 

In other Section news, a unani- 
mous decision was made to sponsor 
ten area students at the Engineers’ 
Week Dinner organized by the Joint 
Engineers Council of Corpus Christi 
in February. 

Kay Dodson of Bailey Meter Com- 
pany and Wayland McNutt of Del 
Mar College have been appointed 
co-chairmen for the third annual 
clinic on instrument applications, 
sponsored jointly by South Texas 
Section and Del Mar College this 
coming November. 








OH, TO BE A MEMBER of the New 
Jersey Section! They have a new 
“gimmick” for their membership 
contest. One of the members, Bob 
Crum, of R. S. Crum, local distrib- 
utor of Swagelok fittings and Hoke 
valves, is offering a prize to the 
member who signs up the greatest 
number of new members, with a 
minimum of ten, before March 31. 
The prize? One round-trip jet airline 
ticket to the ISA Show in San Fran- 
cisco! 


MEL LEGETTE, Applications mana- 
ger of oscillograph products with 
Consolidated Electrodynamics, will 
be guest speaker at the March meet- 
ing of Seattle Section. 





The troops are massing for 


OPERATION TIP-TOE! 
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The Fox River Valley Section of ISA conducted an “Ideas Competition” at one of 


their recent meetings. It was a practical kind of contest that did not require elabor- 


ate preparation and permitted every member to participate. They were asked to 


bring drawings, illustrations, photos, sketches, a description of their idea and be 


prepared to explain it to the group. The result was a refreshing new kind of Section 


meeting. Modest prizes were awarded for the three best ideas. Since pulp and 


paper processing dominate this area, the winners logically come from paper mills. 


Ideas At Work 


Automatic Bleach Liquor Flow Control 





Ist. prize—Paul Geisler, The Charmin Paper Products Co., Green Bay, Wis. 


This idea is an example of the less 
spectacular applications that are of- 
ten times overlooked as potential for 
pay-off. Four simple instruments 
were installed to convert bleach liq- 
uor flow from manual to automatic 
and thus compensate for three vari- 
ables involved in the addition of 
bleach liquor to flowing paper stock 
(system shown at right). 

The output of an existing consist- 
ency meter was converted to a 3-15 
psi signal by installation of a trans- 
mitter. This 3-15 psi signal actuates 
a pneumatic computing relay, the 
output of which actuates one input 
to the ratio flow controller. A man- 


ually adjusted second input to the 
computing relay varies the propor- 
tional band of the relay and thus 
changes the proportionality of the 
input to output in the relay. This 
gain change in the relay compensates 
for variations in paper stock and 
variations in bleach liquor concen- 
tration. 

The second input to the ratio flow 
controller is output of a stock volume 
meter. Thus the ratio controller 
maintains bleach liquor flow pro- 
portional to the ratio of paper stock 
flow and consistency, with provisions 
for changing this ratio as other vari- 
ables change. 


Air Leak Detector SSeS 





RATIO FLOW 
CONTROLLER 





2 
| 
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TRANSMITTER 








PAPER STOCK 








A transmitting rotameter in the 
bleach liquor line actuates the ratio 
flow controller. 


2nd. Prize—Wayne G. King, Consolidated Water Power and Paper Co., Wisconsin Rapids, Wis. 


Every industrial plant with pneu- 
matic instruments has the problem 
of leak testing transmission lines. 
This is a simple gadget that is easy 
to build, easy to use, and gives im- 
mediate indication of leaks. It con- 
sists of a combination reducing valve 
and filter with a pressure gage, two 
needle valves, a sight feed bubbler, 
and a few fittings. Before a line is 
tested it is blown-out to remove 
foreign matter and for identification. 
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One end of the line is capped and 
the other end is connected to valve 
3, and valve 2 is closed to by-pass 
the bubbler. For a test the line is 
connected to the bubbler, valve 1 is 
closed, valve 2 is opened, and pres- 
sure increased to the check point. 
Valve 1 is slowly opened and bub- 
bling increases as the line is filled. 
No bubbles means a tight line. Valve 
1 is closed before disconnecting the 
test line. The tester can double as a 











portable air reducing supply unit 
when needed. 





Controlling Beater Addatives —— 


3rd. Prize—Howard Patterson, Thilmany Pulp & Paper Co., 


The purpose of this application is 
to automatically dispense the cor- 
rect amount of size and alum solu- 
tions to paper stock beaters. Objects 
of the installation were to reduce 
labor and improve quality of the 
product by materially reducing er- 
rors which resulted in manual oper- 
ation. The system (shown at right) 
is an automatic tank filling and dis- 
pensing system which operates by 
merely pushing a button. 

The beater operator adjusts the 
set point of controller (1) for the 
proper number of pounds of alum or 
size solution, required for the par- 
ticular paper being made. The re- 
verse scale (60” to 0”) is graduated 
in pounds. When solution is needed 
the operator pushes button (2). 
Valve (4) opens through action of 
the electrical circuit, and the solu- 
tion flows by gravity to one of four 
beaters in this system. When the 


level set by the controller, is 
reached, the bubble tube level meter 
(3) actuates an electrical contact 
and valve (4) closes. At the same 
time the fill valve (5) opens and the 
tank automatically fills to the proper 
level. Float element (6) measures 
this level point and cuts off valve (7) 
at the correct level. The controller 
now reads zero and the system is 
ready for the next batch. Signal 
light (2) burning on each beater 
indicates that the supply tank is 
filled and ready for operation. Push 
buttons for the four beaters in this 
system are interlocked so the opera- 
tor cannot attempt to discharge so- 
lution to one beater when another 
is being served or the supply tank 
is being filled. Failure of the system 
closes all valves. 

A second installation in this sys- 
tem is a group of instruments to 
automatically control the addition of 
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“broke” stock to new stock in a pro- 
portion that will maintain proper 
conditions for sheet formation on the 
screen. With manual operations this 
addition varied widely. Now its ad- 
dition is controlled as to amounts and 
frequency of addition. 





b NEW MEMBERS 


y H. —p Jr. 
Glenn E. Richardson 
Pullig, James 


AKRON: Harve 
ALBUQUERQUE: 
ARK-LA-TEX: Wilson C. 
W. Ryan 
ASHTABULA: Stephen J. Hickel 
BALTIMORE: Willet E. Egge, Jr., Willis 
F. Jackson, Org McDonald, Jr., 
Norman C. Molz, Robert K. Morrison, 
J. Kenneth Roberts, William M. Tevlin 
BLUE RIDGE: Stephen A. McClellan 
BOSTON: “Charles W. Clapp, Ridgely W. 
Cook, George E. ey: Stanley 
J. Shute, Jr., Arnold Singer 
CALGARY: *James H. Musgrave 
CENTRAL KEYSTONE: Donald L. Diehl, 
William S. Holmes, William E. Jacobs, 
Richard L. Kauffman, William M. 
Meckley, Kiah J. Minnick, John A. 
Neiss, James M. Rohrbaugh, Wilbur 
J. Routson, — Gerald R. Tiehel, 
Merle H. Whisl 
CHARLESTON: Donald E. Lowe 
CHATTANOOGA: Thomas J. 
Charles R. Parson 
CHICAGO: Thomas M. Oshiro 
CINCINNATI: Lee R. Boggs, Patrick H. 
Coleman, Donald H. Culver, Donald M. 
DeMoss, Glenn A. Geoh, *Roy N. Kel- 
ley, Norbert J. Kraus, Richard F. 
Lambers, Wayne M. Shaffernocker, 
Daniel R. Siewert 
CLEVELAND: Robert J. Bain, Raymond 
S. Johnston 
CONNECTICUT VALLEY: Paul O. Farn- 


ham 

meee t *Don E. Carter, Kenneth A. 
Stah 

DETROIT: Vladimir Kaerk, ‘Norris E. 
March, Kent P. Stiner 

EASTERN NEW YORK: *J. J. W. Brown, 
Robert H. Jones 

FAIRFIELD COUNTY: Harold F. Hofmann, 


Jr. 

tet William &. Ellerbe, Jr., *Ar- 

old L. Wasserma 

IDAHO STATE COLLEGE: Robert D. Aure, 
William F. Barnard, Douglas R. Hill- 
man, Gary M. Hurley, Gary W. Price, 
Wayne A. Violette 

IND APOLIS: John J. Lewis 

LOS ANGELES: Jack L. Gantz, John M. 
Gutzon, Leonard Kendy, Dain B. 
Lones, Calvin S. Steinberg 

MEMPHIS: Clayton R. Johnson 

MILWAUKEE: Harold G. Swoboda 

MOJAVE DESERT: Alfred W. Addis, El- 
wood A. Dintaman, Kenneth P. John- 
son, Edwin L. Winslow 

MONTREAL: Walter R. Carline, *Douglas 
E. Honer, Jacques Lefebvre, Chas. G. 
Stewart 

NEW JERSEY: James W. Olsen, Donald 
R. Scherer, David M. Simms, Andrew 


Bussing, 


J. Small, George J. Tillson, John C. 
Wilson, Armando J. Zeledon 

NEW ORLEANS: Louis C. Hansen, Lloyd 
C. Holmes, *N. R. Leatherwood, Jr., 
William R. posers. David H. Robeson, 
Charles H. Thurm 

ee - —- * FRONTIER: William H. Walker, 


Worr 
NORTHERN CALIFORNIA: John S. Ba- 
nasiak, Alward W. Tobey 
NORTHEAST MICHIGAN: Wallace T. 
Ames, Francis C. Barber, Ormond Bar- 
stow, Lou B. Edsall, Harold F. Erbisch, 
Lester G. Friedle, Philip E. Hill, V. W 
Immel, Thomas W. ‘sanndre, Robert 
C. Lyon, William H. Part 
NORTH TEXAS: John W. Hatfield, Arthur 
E. McDonald 
OAK RIDGE: Norman H. Briggs, Everett 
T. Steele, Jr. 
PADUCAH: Shelby D. Isbell 
PENSACOLA: Robert J. Faliski, Roger G. 


Macdonald 

PHILADELPHIA: Joseph W. Berninger, 
John T. Brennan, Herman L. Daneman, 
John J. Hennessey, Jr.. L. Paul Ken- 
nedy, Nevin A. Lontz, Jack L. Meyer, 
Robert Moreland, John B. Roede, Eu- 
gene L. Szonntagh, Hobert M. Temple, 
Jr., Jack E. Webber, Joseph N. Wexler 

PITTSBURGH: ‘Richard L. Bright, Walter 
L. Byrnes, *Harry N. Cotabish, *John 
A. Douglas, Charles E. Hardies, *Am- 
and F. Kraus, Bruno L. Krause, John 
J. McEvoy, Elmer J. Saracco, Salvatore 
~ Tropiano, Nicholas L. Trunzo, Har- 

d B. Weitzel 

PRESQUE ISLE: Joseph R. Santoro 

RICHLAND: Donald Lyman 

SABINE NECHES: Charles R. Pratt 

ST. LOUIS: George A. Bossman, Donald 
L. Cole, Philip f- aoa Lloyd 
L. Miller, Charles w. erman 

SAN DIEGO: Alex E. berms es, Harold A. 
Brown, James A. Denneny, Jr., John 
A. Garvin, Harold E. Micken Jr., 
*William W. Russell 

aa" + cement VALLEY: John F. Bren- 


SARNIA: *John J. Connors 
SAVANNAH RIVER: Bennett L. Helms 
SEATTLE: Mintauts F. Andreika, Lyle J. 


Hansen 

SOUTH TEXAS: E. H. Zalmanek 

TOLEDO: Frank L. Barton, Joseph J. Pa- 
tay, Hal J. Shafer 

TORONTO: Carman E. Sexsmith 

TULSA: George E. Farrimond, Joe F. 
Green, Glenn M. Richardson, Judson 
W. Smith, John C. Taylor, Jerry R. 
Williams 

TWIN CITY: Quentin F. Casanova, Thorn- 
ton Lyford, Ernest P. Powell, *John W. 
Schausten 


VANCOUVER: Edward C..I. Dodgson, Har- 

ry Eastwood, Raymond P. A. Fogolin, 
heodore I. Wilson 

WASHINGTON: Fred Alt, 


OUNTY: Allen D. Neitzke 
*Howard D. Backman, *Ken- 
. Huggins, David B. Marshall 
UNAFFILIATED UNITED STATES: Wil- 
fred J. Belanger, Odilon A. Bernier, 
Ronald Birkwood, Larry J. Broeke- 
meier, Robert E. Cates, Harold J. Des- 
mond, *James D. Matheny, Cecil L. 
Nutting, Karl B. Schnelle, Jr., Erman 
F. Smith, Frederick M. Teetzel 
UNAFFILIATED FOREIGN: Manual Za- 
ata-Gamboa, ‘Arie Z. Tartakower 
ose D. Vistulo De Arreu, Vilem Willer 


ADVANCED TO 
SENIOR MEMBER 


CAROLINA PIEDMONT: W. M. Washing- 


ton, Jr. 
CHARLESTON: Walter Ray Boone 
CHICAGO: John T. Anagnost, Robert H. 
eas Clement J. Straub 
= a Svante Humbla, Edward A. 
uwatch 
"4 Richard L. Gibbs, Joseph A. 


GREAT SALT LAKE: Joseph F. Arbogast 

SS F. L. Barr, John O. Beauxis, 
ert B. Green 

JACKSONVILLE. Harry D. Walker, Jr. 

LOS ANGELES: Richard H. Hardy, Alvin 


C. Kryger 
EAL: B . J. Wiacek 


MONTR 
— JERSEY: Victor J. Elliott, Richard 
mit 
NORTHERN CALIFORNIA: Justin J. Sha- 


NORTHERN INDIANA: John J. Kull 
PENSACG OLA: Harold E. Crider 
PHILADELPHIA: Richard G. Krueger 
RICHLAND: F. H. Ludwig 
aay ~~ Everett K Ames, Bernard 
ad 
ay = CLARA VALLEY: Kenneth W. 
o 
ee S BAY: Frederick B. Sheely, Roy D. 


Wa 

TORONTO: Frederic E. Croft 

TULSA: J. R. Parsons 

WICHITA: Walter O. Naramore, Francis 
Mark Winterburg 

WILMINGTON: Leo G. Glasser, Alfred H. 
McKinney, Charles M. White 

UNAFFILIATED U. S.: Glennon Vincent 
Schwent 


Henry A. 


*Signifies that a new member of ISA has been admitted as a Senior Member. 
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> ISA Standards 


Help US Instruments Meet Foreign Competition 


One of the most challenging ISA 
committee meetings of the past year 
concluded that ISA is the logical 
body to develop and promote stand- 
ards which will help American-made 
instruments get into and stay in 
foreign markets. The meeting was 
held under the auspices of ISA’s 
Standards & Practices Department 
in Chicago, November 9, 1959. 


The meeting was divided into three 
sections. Opening session chairman 
was ISA Standards & Practices De- 
partment vice president Glen Gal- 
lagher; the second section was 
chaired by Fred Winterkamp, direc- 
tor of our Production Processes 
Standards Division; and the final 
session was led by Al Sperry, di- 
rector, ISA Intersociety Standards 
& Practices Division. 


Purpose of the meeting, attended 
by a notable list of prominent in- 
strument users and makers, was to 
cross-fertilize ideas, and develop 
new avenues for standardization. 


On this important subject, Jack 
Johnson, ISA president, advised on 
the urgency of instrument standard- 
ization for world markets and inter- 
national use. He recommends that 
all US agencies work through the 
American Standards Association as 
the international agency. As an ex- 
ample of what might happen with- 
out such cooperation, it was reported 
that the International Standards 
Organization would have given an 
international standard precluding 
use of US made hydrometers, had 
not ISA been represented. And the 
ASME Fluid Meters Committee has 
worked through ISA to avoid inter- 
national standardization on corner 
taps only for orifice flanges. 


Fewer Indicator/Recorders? 


The very real questions, “Will 
wider use of data reduction and 
printout decrease use of indicators 
and recorders on our panel boards?” 
and, “Must miniature receivers be 
redesigned for use on consoles?” 
were discussed. Perhaps, if instru- 
ments were better designed, con- 
soles would be more frequently used. 
Present miniature receivers are so 
deep (up to 30”) as to be difficult 
to mount on a shelf panel. One sug- 
gested solution: build a pit under 
the shelf or a depressed section be- 
hind the panel. 

On the subject 
graphic panel lines and 
The meeting agreed that 


color codes for 
symbols: 
present 
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ASA standards could be used, and 
are as effective as any code could be. 
Unsolved difficulty: the “same” col- 
or is quite different when repro- 
duced in paint, plastics, or metals. 


Control Mode Markings 


An ISA com nittee has recom- 
mended that the following mark- 
ings be accepted as tentative stand- 
ards for the adjustment knobs and 
scales of automatic controllers: gain, 
reset (in repeats per minute), rate 
(in minutes). However, it was noted 
that these terms do not agree at all 
with the American Standards Asso- 
ciation Proposed American Standard 
Terminology for Automatic Controls 
(ASA-C-85) released for discussion 
last July. These two terminologies 
obviously must be reconciled. 


Standards for Analyzers 


With analyzers one of the fastest 
growing, fastest changing group of 
instruments, standards are badly 
needed —from overall conception of 
design to details of dimensions. 

The meeting heard a recommenda- 
tion that analyzers be packaged in 
three parts: 1. primary element; 2. 
amplifiers and _ transmitters; 3. 
standard receiver. Users objected 
that the larger number of studs used 
on explosion-proof cases makes 
maintenance difficult. Consequence: 
many servicemen leave off many of 
the bolts—a dangerous practice! 

One report asked that analyzer 
dynamic-response testing standards 
receive special consideration due to 
their much slower response. Prelim- 
inary steps were taken toward de- 
veloping a dynamic response stand- 
ard for analyzers, with a first draft 
to be prepared at once. 


Orifices and Flow Sections 


Committee RP-3 is now proceed- 
ing to establish standards for di- 
mensions of raised-face _ orifice 
flanges. One tough problem: dimen- 
sions of standard orifice flanges dif- 
fer from those of ASME standard 
flanges. The RP-3 committee also is 
considering standards for “paddle- 
type” orifice plates at this time. The 
meeting concurred that standardiza- 
tion of welded-type source connec- 
tions for flow sections had best be 
referred to ASME’s Piping Code 
Committee B-16. 

As for control valves: ISA is now 
considering the Fluid Controls Insti- 
tute report on Cy, as a possible basis 


for ISA recommended practice. Cop- 
ies of these standards can be obtained 
from Fluid Controls Institute, c/o 
Mr. Bianchi, Mason-Neilan, Nor- 
wood, Mass. (For more on Cy, see 
page 78, March ISAJ.) 


Other Standards 


Many other phases of ISA S&P 
activity were reported. Two users 
urged that makers consider painting 
the inside of instrument cases a 
light color, instead of the convention- 
al black. They report better mainten- 
ance and worker morale results, due 
to better visibility. 


Lengthy discussion concerned the 
controversial problem of universal 
signals and ranges for electrical in- 
strument systems. The meeting 
learned that a surprising degree of 
uniformity already exists in both a-c 
and d-c systems. Through a 5:1 ratio 
of maximum current signal, practi- 
cally all d-c system can be inter- 
changed by replacing only one input 
resistor. Also, six makes of a-c in- 
struments have identical voltage and 
phase characteristics. 


A very novel and potentially val- 
uable proposal was made by one 
user engineer. Users have difficulty 
in stocking instrument spare parts: 
they must stock similar parts in 
many plants; and must carry high 
part inventories due to slow deliv- 
ery from the instrument makers. His 
suggestions: 1. manufacturers should 
work toward faster part deliveries; 
2. manufacturers could carry larger 
part stocks than at present, based on 
customer requirements. Several in- 
strument makers pointed out what 
a tremendous investment larger part 
stocks would entail. But the makers 
did agree: faster parts delivery 
could and should be promoted, al- 
though they came up with no spe- 
cific remedies. 


You Can Help 


Both R. D. Hanna of SAMA’s In- 
dustrial Instrument Section and F. 
W. Winterkamp, director of ISA’s 
Production Process Standards Di- 
vision earnestly invited any man (or 
organization) interested in instru- 
ment standards work to make him- 
self known. Evidently, people must 
be “sold” the idea that this work is 
both interesting and satisfying. And 
they asked for suggestions on what 
factors need to be standardized. Any 
volunteers or suggestions? 





new products 








” 


' i | Hand Perspiration Meter 


“Permeter” instantly measures 
hand perspiration. Enables per- 
sonnel departments to pretest 
before hiring or assigning peo- 
ple to delicate handling opera- 
tions; saves refinishing and 
touch-up costs. Useful for phy- 
sicians and diagnosticians; re- 
quires no skill since subject 
simply grasps the handle. Finds 
application in quality control 
areas in wide variety of preci- 
sion manufacture such as elec- 
tronic tubes, instruments, watch- 
es, etc. Ameresco NO. 301 


Elapsed-Time Controller 
When installed in the circuit 
of a batch-type operation, this 
controller provides timed auto- 
matic regulation of either tem- 
perature or pressure. Charts and 
ranges available from —100 to 
+1000°F and 30 inches of mer- 
cury to 7500 psig. Time ranges 
include 1, 5, 12, or 24 hours; 
minimum time setting equal to 
4% of range. Record is on 12” 
circular chart. All classes of 
thermal systems. Control signal 
is pneumatic. One or two pens. 
Weston CIRCLE NO. 302 


Chromatograph Valve 
Developed to increase accu- 
racy of chromatographic analy- 
sis by providing reproducible 
volumes, this unit complements 
any gas-analysis system. Respira- 
tory gas analyses can be rou- 
tinely produced to within + 
0.2%. Valve contains two loops 
—when one is flushed into the 
analyzer, the other is being 
filled with a new sample. Two 
loops can have the same or dif 
ferent volumes. Loop volumes 
from 1/2 to 5 ml provided. 
Fisher Scientific. NO. 303 


Batch-Weighing System 
Bulk materials for use with 
multi-ingredient products (up 
to 4 or more) can be weighed 
with an accuracy of +0.25% 
and a_ reproducibility better 
than | part in 2000. System de- 
sign features pre-engineered 
components. Standard readout 
and control facilities include 
net-weight indication, — batch- 
weight set, tare adjustment, 
etc. Fully automatic. Readout 
can be supplemented by record- 
ers, printers, etc. Weighing & 
Control. CIRCLE NO. 304 


Time/Code Identichart 
An _ easy-to-install kit-form 
printing device automatically 
prints date, time (nearest min- 
ute) and remotely-selected code 
number or letter. A single print- 
ing solenoid causes simultaneous 
printing of time and code. Pro- 
vides quick, accurate identifica- 
tion and interpretation of time 
sequence in which conditions 
occur. Identichart is available 
for all popular makes of strip 
chart recorders. Kit includes all 
accessories. Royson Engr. Co. 
CIRCLE NO. 305 


Controlled-Temperature 
Cabinet 

This addition to line of test- 
ing machines provides important 
improvements, such as more 
uniform temperature, less tem- 
perature-change time, closer 
heat regulation and larger ob- 
servation window for clearer 
view of specimen under test. It 
will apply test loads from 0-250 
to 0-10,000 Ibs; available either 
as hand-operated or motorized 
unit; working range from room 
temp to 400°F std. W. C. Dillon 

CIRCLE NO. 306 


Pneumatic Controller 

A new controller which uses 
a metal bellows in the unbal- 
ance detector is recommended 
for batch type processes with 
frequent start-ups and where 
ambient temperatures vary. Of- 
fers lower minimum gain, re 
duced drift and hysteresis ef- 
fects, lower temperature effects 
and increased sensitivity. Wide 
range of control modes such as 
on-off, proportional, derivative 
proportional plus reset, et 
Available with integral or re- 
mote set point. Bristol. NO. 307 


Pressure Regulator 
Versatile instrument regulator 
is useful wherever a controlled 
supply of air or gas pressure is 
needed. Max inlet press is 250 
psi and outlet press ranges are 
0 to 5, 5 to 35 and 35 to 100 psi 
Especially suited for air supply 
lines for punch presses, pneu- 
matic tools, paint sprays, etc. 
Field applications include inlet 
press control, regulating, etc, 
in commercial, industrial and 
utility operations. Handwheel 
adjustment, pressure gage tap 
optional. Rockwell. NO. 308 

















new products 





Subminiature Choppers 

New choppers have 
extremely low noise 
(submicrovolt range), 
long life; give high 
performance in ex- 
treme environments. 
Designed to exceed 
military environment- 
‘ al specs for shock, vi- 
bration and temperature. Variety of operating frequencies and 
contact closure configurations available. James Electronics. 

CIRCLE NO. 309 


a eatell 


Furnace Gas Analyzer 


[his instrument is a modifi- 
cation of the plant-tested proc 
ess vapor fractometer which 
automates the analysis of fur- 
nace atmospheres. It monitors 
the atmospheres of metal heat- 
treat furnaces, endothermic gas 
generators, kilns and other com- 
bustion devices. Completely 
self-contained, requiring only a 
sample tap and a 600-watt, 115-v 
connection. Perkin-Elmer. 

CIRCLE NO. 310 


Encoder Translator 


Compact, transistorized translator 
handles up to 14 bits of Gray code, 
producing not only the binary sig- 
nal, but its complement as well. Fea- 
tures improved reliability at high 
encoder speeds; filtered and clipped 
encoder output eliminates errors due 
to brush bounce. Longer encoder 
life results from low service voltage 
and current. Four units fit in std 
8-3/4 x 19” panel. Datex. NO. 311 


Vibrating-Reed Meters 


Complete line of rugged vibrating-reed frequency meters fo1 
25 to 2500 cycles offered. From 1 to 72 reeds, each hand-cali- 


brated. Temperature compensation. 30 to 1000 volts. High qual- 


ity and accuracy. Winslow Co CIRCLE NO. 312 


Punched Tape Programer 


An 80-bit, bi-directional unit 
designed especially for use in 
automatic test equipment and 
digital data processing systems, 
provides great advantages over 
the conventional rotary switch- 
ing equipment. Four models 
available for various informa- 
tion capacities. Can be used for 
design of preflight checkout 
equipment or process control 
equipment with random or se- 

quential access to 3000 discrete tests. Electronic Engr. Co. 
CIRCLE NO. 313 
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Machine Tool 
Numerical Control 


New 2-axis system controls pre- 
cision turning, boring and grinding- 
contouring machine-tools in incre- 
ments of 0.000025-inch. Provides com- 
mand pulse value to each machine 
slide of 40,000 pulses/inch of slide 
travel. Punched tape input. Reads 
tapes at speeds of 300 lines/sec in 
forward direction and 600 lines/sec 
in reverse direction. Unit is highly 
automatic. Bendix. CIRCLE NO. 314 


Midget Feedback Potentiometer 


New, wirewound, 
linear-motion servo 
feedback pot is de- 
signed for use with 
hydraulic and electric 
actuators in missile 
and aircraft control. 
Meet or exceed all ap- 
plicable MILSPECS. Only 1/2” dia, they can be installed in 
side the actuator shaft to conserve space. For ambient temps to 
500°F. Unusually high resolution with linearities to 0.05% 
From | to 5” strokes available in one-inch increments. Edcliff 
Inst. CIRCLE NO. 315 


Transistorized Level Control 


New ‘‘Electr-O- 
Probe” is a compact 
electronic level switch, 
field proven for high 
low level detection of 
liquids, granular solids 
and liquid/liquid in- 
terfaces. Solid-state cir- 
cuits improve sensitiv- 
ity and stability. Uni- 
tized, explosion-proof 
construction; failsafe or direct action; 115 v, 60 cps and 12 o1 


24 v d-c. Instruments, Inc. CIRCLE NO. 316 


Frequency Standards 


Iwo tuning-fork frequency standards offered in the 250 to 
2000 cycle range. Temperature compensation and internal ther- 
mostatic heater control available. Output frequency maintained 
within +0.002% at 5 g’s from 10 to 2000 cps. Hathaway Inst. 

CIRCLE NO. 317 


Convertible Multipoint Recorder 





New strip-chart recorder 





easily converted to change 

number of points being Ba PtHP PAGEL 
measured, the actuation or 

range Number of meas- 

urement points switched 

between 2 and up to 24, 

simply by changing a short- 

ing plug and appropriate 

indicating and print wheels. 

Recommended for _ spot- 

checking boiler tubes, or in refineries, central stations, laundries, 
missile testing and any processes where frequent record or pri- 
mary-element changing is required. Kits available. Honeywell. 

CIRCLE NO. 318 





Corrosion Indicator 
Free samples are offered to illus- 
trate a line of extremely sensitive 
“sensing elements,” developed to de- 
tect corrosion of metal. A vacuum- 
deposited metallic film, 2 to 50 mil- 
lionths of an inch thick, is the es- 
sential element in these units. Special 
techniques detect as little as five 
billionths of an inch of metal loss— 
sensitivity virtually measured in 
atoms! Both visual and _ electrical 
versions of indicator available. Used 
for packaging, water detection in hy- 
drocarbons, missile systems, etc. Photo shows Corrosion Meter, 
a battery operated device for reading indicators. Crest Inst 
CIRCLE NO. 319 


“Stress Skin’ Design Cabinets 
New fabrication 
techniques permit 
“stress skin” design 
to be applied to 
production of con- 
soles, cabinets, elec- 
tronic housings, etc. 
It is a method af- 
fording many ad- 
vantages over con- 
ventional angle or 
channel and sheet 
construction; _per- 
mits faster, less ex- 
pensive production; 
can be better 
adapted to water- and dust-proofing to meet commercial and 

military specs. Typical control console shown. Falstrom Co 
CIRCLE NO. 320 





Ring-Shape Accelerometer 


Unique accelerometer, weigh- 
ing only 11 grams, has 25-kc first- 
resonant frequency and dynamic 
range of 2000 g’s. Frequency re- 
sponse is 2 cps to 4,000 cps + 5% 
with 1000-megohm output. Unit 
is electrically isolated from 
ground with insulated mounting 
screw. Endevco NO. 321 


Absolute Standard Capacitor 


Instrument provides absolute standard reference for low Ca- 
pacitance to a value of 10 yuf. New low-impedance measuring 
developments make this standard practical. Accuracy to 0.001%. 


Wayne Kerr Corp. CIRCLE NO. 352 


Midget Thermocouple Glands 


Complete line provides positive 
pressure sealing for bare wire ther- 
mocouples from 0.005 microns to 
5,000 psi. Temp range of glands is 
—300 to +1850°F. Their use allows 
bare wire thermocouples to provide 
fast response and greater sensitivity 
Fitting furnished with or without 
thermocouple wires. Conax 


Current Transformer 


“Donut” current transformers for ex- 
tending the range of ammeters for meter- 
ing and allied applications, provide oper- 
ating current for relays. Available in 


ratios from 10/5 to 5000/5, with burden ratings of 2.5 to 12.5 
kv. Associated Research, Inc. 





Those in the know. . 


make it adaptable for light duty hand screw machine purposes. 





Model No. 750: Bed 22” Center Height 7.50 cm; Collet capacity .315. 


shop men who appreciate extreme accuracy, de- 
pendability and fine workmanship . . are always ready to say, “I want 
a Lathe by Derbyshire.” The Model 750 illustrated is one such tool and also 
one of six different types designed for the Watchmaker and for fine 
instrument service. It is specially recommended for light manufacturing 
purposes. It has a heavily constructed bed and valuable features which 


All Derbyshire Lathes are tools of highest quality, built by experienced 
craftsmen, are time-tested and universally accepted as being superior. 











... for the 


Finest In Precision Equipment 


Including: 


Webster-Whitcomb Lathes: (the smallest in the line): 3/16” 
through headstock. 
Derbyshire Large Lathe: 1/4” through headstock. 


Magnus Lathe: takes Magnus Elect Chuck with a capacity 
of 5/16” through headstock. 


Elect lathe: of heavier construction; takes 5/16” chuck 
capacity through headstock. For instrument work and 
clockmakers. 


Model A Lathe: parts interchangeable with Model 750 
illustrated but takes 1/2” piece through the head. 


Micromill: a small milling machine for milling and grind- 
ing small parts. 


Micro Drill Press: for extremely precise drilling. 


Special Collets, Face Plates, Chucks and Pivot Polishers. 


Outline your needs so we can send complete details. 


F. W. DERBYSHIRE, INC. 
157 HIGH STREET 
WALTHAM MASS. 
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new products Transmitter and 
Receiver-Controller 





New transmitter con- 
verts a temp  measure- 
ment into a 3 to 15 psi 

Combination signal from a remote lo- 
cation. Signal can go to 
Temp Press Regulator a receiver gage or a dis- 
tant _receiver-controller. 
Now temperatures and pressures con- Controller compares trans- 
trolled with only one regulator in main mitted signal with manu- 
line. New unit anticipates temperature ally-adjusted set point 
change thru pressure sensing mechanism and adjusts the control 
to give accurate control. For heating and pressure to maintain de- 
cooling applications. 1/2 to 2” sizes. Suit- sired control point. Pow- 
. —_ - on : e “ 
able for pressures to 250 psi and tempera ers Reg. CIRCLE 329 
tures to 500°F. OPW-Jordan. 
CIRCLE NO. 324 








Dynamic Transistor Tester 


Hydraulic Digital Control Systems 

Company offers complete new line of digital control valves, A simple, quick, positive portable tester for servicemen, cir- 

positioners, regulators, pumps, compressors, etc for direct use pens oe or electronic nee. Sige stosgyaneen — power and 

with a digital computer. Digital to analog converters, analog ears sm pe lg sesso haa bag onto ony. - 

final control elements and followup equipment are not re- oar ag “a aaa ee owered by two tee g ing ~ 

quired. Truly unique products. Ferguson, Hille & Assoc. «72 106. Rictu a. ARCLE NO. 
CIRCLE NO. 325 


Tape Transport Pulse Rate Indicator 


Iransistorized pulse rate integra- 
tor indicates the frequency or pulse 
rate from transducers such as flow 
meters, tachometers and similar fre- 
quency-signal sources. Unusually 
small sized converter is combined 
with integrally mounted 214” D’Ar- 
sonval meter. Output is a function 
of frequency alone; does not vary 
with input signal amplitude. Input sensitivity 0.005 to 30 v rms 
with input impedance of 22,000 ohms. Anadex Inst. 
CIRCLE NO. 331 


High quality product pro- 
vides maximum end-use flexi 
bility in applications of mod- 
erate information data rates. 
When used as a tape reader, 
it is suitable for “on-line” 
service in computer, communi- 
cation and control fields. Mag- 
netic tape applications include 

both analog and digital modes. Photoelectric reading head sys- 
tem accommodates 5, 6, 7 and 8 level codes. Data-stor. 
CIRCLE NO. 326 


Dual Four-Port Analyzer Valve 


Dual four-port se- 

= ay sain eae " aiaiies Process Chromatograph 
i reversal of flow direc- New equipment provides faster 
tion of two fluid sys- analysis and automatic programing 
| LL tems thru two alter- of up to 8 streams. Analyzes liquids, 
eS isa nate paths. Intended gases or vapors in 1/20th to 1/50th 
er i for use in chromato- the time formerly required. Makes 
gOS RT ee graphic or other gas possible control of rapidly changing 
analyzer circuits, as processes. Made in two separate units 
well as precision test systems requiring dual control. Plugging —explosion-proof-housed analyzer and 
one port converts it to three-way operation. For air, vacuum, remote located control unit. Com- 
arbon dioxide, helium, hydrogen, nitrogen, oxygen, hydrocar- plete analytic process is automati- 
bons, etc. Circle Seal Products. CIRCLE NO. 327 cally synchronized by a _ program 
timer system. CEC CIRCLE 332 


Beta Transistor Tester 


New, versatile dynamic tester Digital Translator 

checks transistors according to man- 

ufacturer’s specs. Collector voltage Instrument accepts virtually 

and current can be varied to pro- any kind of digital data and 

vide proper conditions for correct provides an analog output plus 

beta measurements. Tests both high control signals. Permits auto- 

and low power transistors. Collector matic operation of Moseley Au- 

test current variable up to 2 amps, tograf or similar X-Y recorders. 

permitting beta measurement of The translator is supplied with 

power transistors rated 5 amps and a 10-key serial keyboard for manual input; it accepts 4 digits 
more. Test settings for over 1500 popular transistors included on and sign on each axis and provides a front panel display of 
built-in roll chart. Hickok. CIRCLE NO. 328 matrix contents. Moseley. CIRCLE NO. 333 
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Punched Tape Teletypewriter 
Unique teletypewriter simul- . 
taneously produces a_ printed 


message on the tape as it punch- 
es a std 11/16” punched tape; 
fully compatible with electronic 
readers and integrated data 
processing systems. Available for 
60 or 75 wpm operation. 20 key- 
board options, 4-bank configura- 
tions provide wide variety. Ap- 
proximately same _ size and 
weight as an electric typewriter. 
Either rent or buy. TELautograph Corp. CIRCLE NO. 334 


Automatic Programing System 


System is designed specifically for large, highly-complex busi- 
ness and scientific data-processing programs. Offers great flexi- 
bility, unlimited symbolic correction facilities, error-catching 
features and ability to process large programs on a closed-shop 
basis. Burroughs. CIRCLE NO. 335 


Portable Calibration Kit 


Designed to perform with 
lab precision and high de- 
pendability even in field 
use, this kit is useful for 
checking tension and/or 
compression loads, jet en- 
gine test stands, missile 
thrust stands and similar 
applications. Features digital readout, direct-reading accuracies 
as high as 1/20% of reading. Capacities range from 60 to 120,000 
Ibs in tension and from 60 to 240,000 Ibs in compression. 
Ranges easily changed. B-L-H. CIRCLE NO. 336 


Material-Level Indicators 


New models designed to indicate the level of pulverized, 
fine, crushed or granular materials (max 1”) in bins and silos; 
also used to control feeders, valves, elevators and conveyors. 
UL approved for hazardous dust locations. Fuller Co. 

CIRCLE NO. 337 


Multi-Purpose Pressure Gage 


Heavy duty, geared movement gage for oil, air, water, steam, 
gas or other media not corrosive to brass or bronze; design elim- 
inates inaccuracies resuting from distortion of piping; over- 
pressure protection; 414” dial; black figures on white back- 
ground; various ranges from 0-15 to 0-1000 psi; also compound 
and vacuum ranges. American Chain and Cable. 

CIRCLE NO. 338 


Precision Pulse Generator 


A highly-reliable pulse 
generator for use with all 
instruments where pulse 
amplitudes are important. 
+ 20 volt pulses available 
in two shapes—a fast rise 
and slow decay, or a slow 
rise and medium decay. 
Zener diode stabilized pow- 
er supply. Linearity 0.1%. 117 volts, 50 or 60 cycle, less than 5 
watts power. Interstate Electronics. CIRCLE NO. 339 
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You enjoy delicious meals in the privacy of high-backed seats. 


FLY THERE ON 
UNITED AIR LINES! 


ISA SUMMER 
INSTRUMENT—AUTOMATION 
CONFERENCE AND EXHIBIT 


San Francisco Civic Auditorium 
MAY 9-12, 1960 


United Air Lines serves the Convention 
Route of the Nation—with convenient day 
and night Mainliner® schedules, between 
80 major cities coast to coast, and to 
Hawaii. Service includes new DC-8 Jet 
Mainliner—the best of the jets. And, of 
course, United Air Lines famous extra 
care attends you all the way. So make 
sure you don’t miss out on this year’s 
convention — fly there on United. For 
reservations, call your local United Air 
Lines Office. 


THE BEST OF THE JETS... 
PLUS UNITED'S EXTRA CARE 


AIR LINES (C30€83 


® 
YET MAINLINER, BY DOUGLAS 
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MINIATURE DIAPHRAGM 
MOTOR VALVES 














MATERIALS OF CONSTRUCTION 
BODY: Steel, 304 S/S, 316 S/S, Bronze, Monel, Hastelloy 
B or C OR ANY MACHINEABLE MATERIAL 
PACKING: Teflon, Braided or Molded 
TRIM: 300 SER. Stainless Steel, Monel, Hastelloy B or C 
TOPWORKS: Cast aluminum with neoprene diaphragm 


INNER VALVES 








Quick opening — any size, Linear — all sizes 


Equal percentage — Cv 0.05 and larger 
CONNECTIONS 
Screwed NPT 4” and 2”, FLANGED, WELDED, ETC. 
Cv VALUES 








3.0 DOWN TO 0.05 


Cv's AVAILABLE | 


0.32 DOWN TO 0.0001 





CONTROLS 


INCORPORATED 
P. O. BOX 5035 TULSA, OKLAHOMA 


SEE OUR EXHIBIT, BOOTH NO. 300, ISA SAN FRANCISCO SHOW AND 
SEE OUR EXHIBIT AT THE SOUTHEASTERN REGIONAL 
ISA EXHIBIT, PENSACOLA, FLORIDA, APRIL 27-8-9 
CIRCLE NO. 90 ON PAGE 91 
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new products 





Modular Pneumatic Controls 


A complete series of pneu- 
matic controls for standard 19” 
relay-rack mounting. Individual 
units include power supplies, 
programers, process simulators, 
controllers, high and low clamps, 
second reset functions, etc. Mod- 
ifications and specials are avail- 
able. Controller is shown. Boon- 
shaft and Fuchs. CIRCLE 340 


Variable-Speed Couplings 


A new line of heavy-duty, variable-speed hydraulic couplings 
is offered to electric utilities and large industrial plants for 
steam-boiler draft-fan drives, etc. Large oil-supply pump and 
improved oil-flow passages afford quicker response to speed- 
change signals. Many improved features. National Supply Co. 

CIRCLE NO. 341 


Shaft Digitizing System 


Fully-transistorized, high- 
speed system records rotating 
shaft position “on the fly;” vis- 
ually displays shaft position in 
decimal form. Simultaneously, 
load driving memory provides 
digital signals to electrical read- 
out devices. Resolution up to 2000 counts/rev. Digitizing rate 
is 20,000 counts/sec and max rotational velocity is 10,000 rpm. 
Punches tape at 20 columns/sec. Data. Inst. CIRCLE NO. 342 


Digit! Pressure Calibrator 


Instrument performs complete 
calibration of a pressure instru- 
mentation system. Pressure in 
reservoir is measured by a sec- 
ondary standard, the output of 
which is a precision frequency. 
rhis is compared with a select- 
ed reference frequency and the 
output regulates the pressure in 
the reservoir. Digital concepts allow resolution to be set as fine 
as required without sacrificing the response characteristic. 0.05% 
full scale accuracy. Wiancko. CIRCLE NO. 343 


Round-Chart Recorder/Controller 


New instrument features accuracies of +1/4%. Zener diode 
eliminates standard cell, offers constant voltage reference accu- 
racy to +0.05%. Control portion has individually adjustable trip 
switch cams. Variety of accessories available, such as retrans- 
mitting slidewires, integraters, time markers, etc. General Elec- 
CIRCLE NO. 344 


tric. 


Multiconductor Cable 


Extremely flexible 
subminiature multi- 
conductor cable finds 
use in missile, com- 
puter and strain-gage 
applications. Fine for 
extreme temperature 
ranges (—320 to +600 
F) and places where 
movement or vibration 
preclude use of other 
types of material. Fab 
ricated in lengths up to 9 ft. Flexibility achieved without sac- 
rifice of tensile strength. Cicoil Corp. CIRCLE NO. 345 





Digital Magnetic Memory Drum 


New drum memory pro- 
vides readout independent 
of drum speed. These “Dy- 
nastat” drums feature non- 
destructive recovery of 
stored information, rugged 
construction, uncritical tol- 
erances. Drum _ responds 
solely to the polarity of the 
recorded magnetic field to yield output of sufficient power for 
direct logic action. These units are suitable for use in factory 


environments. Consolidated Controls. CIRCLE NO. 346 


6-Way Chromatograph Sampling Valve 


7 


New compact valves—guaranteed 
nonleak—are designed to inject pre- 
cise volumes into any std gas chro 
matography unit. Five models 
available. Simple design assures 
long, troublefree life. Std fittings 
permit easy installation. Low hold- 
up volumes—less than 0.1 ml—pro- 
vide good accuracy. Wilkens 


CIRCLE NO. 347 


Transistorized Input Scanner 


New input scanner line 
is available in three models 
for sequentially connecting 
100 or 200 single-pole chan- 
nels and 100 double-pole 
channels to a digital volt- 
meter. All three provide channel identification for a data re- 
corder. Units use semiconductors, transistors, diodes and high- 
quality relays. Remote or manual control. Non-Linear Systems 
CIRCLE NO. 348 


Heavy-Duty Magnetic Tape 


A new product has long-wearing coating that minimizes oxide 
rub-off, reduces buildup of electrostatic charges and resists high 
temperatures. Called “Scotch” brand heavy-duty instrument tape, 
new series features an extra tough binder similar to that used 
on video tape. Minn. Mining & Mfg. CIRCLE NO. 349 


D-c Preamplifier 


A low-level, low-noise amplifier 
for static or transient measurements 
of strain, pressure, flow, shock or 
temperature, It is a balanced push- 
pull transistor amplifier designed to 
drive oscilloscopes, VI'VM’s, galva- 
nometers, etc. Max input is 100 my 
for 1% linearity; response is flat to 
15 ke. Used with strain gages, trans- 
ducers, bolometers, thermocouples, 


and resistance thermometers. Ramapo. CIRCLE NO. 350 


Stainless Steel Gages 


A new line of drawn case pressure gages 
with all components made of stainless 
steel finds use in services involving cor- 
rosive atmospheres and media. Meet ASA 
Grade B specs—accuracy of 2% at middle, 
or working half of scale (3% for re- 
mainder). For new and replacement serv- 
ice in chemical, paper, textile, and petrol- 
eum industries. Std ranges to 5000 psi. 
Dial sizes of 2, 214 and 3”. U. S. Gauge. 

CIRCLE NO. 351 





NOW from NASHUA 


new electro- 
sensitive chart paper 
to bring out 

the best in your 
high-speed recorders 
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For manufacturers of instruments designed for instan- 
taneous recording, Nashua Corporation announces a 
superior new electro-sensitive chart paper—Electrace*. 
New Electrace offers you important advantages over 
conventional papers... 


Long stylus life — Patented coating reduces frictional 
wear .. . cuts writing wear. 

Low voltage marking — Excellent markings at low 
voltages. 


High resolution — Patented low-friction top coating 
ane trace error... gives high resolution of input 
signal. 


Highly flexible backing — Sheet does not crack or fis- 
sure on sharp writing edge . . . permits rectilinear or 
curvilinear recording. 


Improved background — Patented coating gives max- 
imum background whiteness. 


Thin caliper sheets — A rol! of Electrace lasts longer 
... records more. 


Marks at high altitudes — Works well even where oxy- 
gen virtually absent. 


Instant response — Records electric impulse the 
instant it’s received. 


New Electrace Chart Paper is either edge-conductive or 
through-conductive. It can be used in instruments de- 
signed for conventional papers without altering the 
instrument. 


Electrace is made to individual manufacturer’s grid, 
imprint, copy and color specifications. Nashua offers 
complete technical service, including design service, to 
manufacturers . . . provides papers tailored to specific 
instruments. Write for full details. 

*Trade Mark 


i) Ss HUA 
Oe 
Chart Paper Division 
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PERSONALITIES 





Richard E. Love 


Daystrom-Weston 


Max D. Liston 
Beckman 


Beckman ... The newly formed 
Special Products Division will be 
headed by New York Section mem- 
ber Max D. Liston (photo). He’s been 
the company’s director of engineer- 
ing since 1958. 


Weston . . . Stepping into the newly 
created position of Industrial Mar- 
ket Manager is New Jersey member 
Richard E. Love (photo). 


Rheem Manufacturing . . . Dr. John 
J. Bordeaux, research scientist in 
the fields of electrochemistry and 
physical chemistry, has joined 
Rheem Semiconductor as a member 
of the research and development 
team. 


Republic Aviation . Dr. Arthur 
Bramley, well known solid state 
physicist, has joined the electronics 
section of the scientific research 
staff. 


Philco Corporation ... Charles E. 
Dolberg has been appointed director- 
systems manager for the Govern- 
ment and Industrial Group. 


Blonder-Tongue Laboratories . . . In 
the newly created position of vice- 
president, Harry A. Gilbert will co- 
ordinate activities of all line and 
staff departments in the organiza- 
tion and set the pace for the current 
expansion program. 


F. L. Moseley Company ... New 
marketing manager is James H. Bur- 
nett, former vice-president of sales 
for Electrons, Inc., Newark, N. J. 
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John E. Branigan 
HRB-Singer 


John K. Hilliard 
Ling-Altec 


Ling-Altec . . . The recently formed 
Research Division will be headed by 
John K. Hilliard (photo), who has 
been named Vice-President and Di- 
rector. Hilliard is a member of ISA’s 
Los Angeles Section. 


HRB-Singer ... Cleveland Section 
member John E. Branigan (photo) 
has been appointed manager of mar- 
ket research. 


Rese Engineering . . . New manager 
of the Digital Equipment Engineer- 
ing Department is Stephen M. Fille- 
brown. Frank R. Wallace, Jr., has 
been named manager of manufactur- 
ing for the Philadelphia firm. 


Computer Control Company 
Heading the newly formed Electro- 
pac, Inc., division is Edward Hamp- 
son, who moves up from production 
manager of the Eastern division. 


CompuDyne.. . Election of John C. 
Williams, Jr., to vice-president of the 
Weighing & Control Components di- 
vision has been announced. 


Consolidated Electrodynamics _ 
Dr. Harold W. Washburn, CEC vice- 
president of research, has announced 
the appointment of Dr. Kenneth W. 
Gardiner as chief research chemist. 


Barton Instruments .. . ISAman Al 
Thompson leaves his position as vice- 
president of sales to join Millard 
Schriver & Associates, El Monte, 
Calif. 


Swartwout ... Former field sales 
manager Irving Schwartz, a member 
of the Cleveland Section, has re- 
signed from the company to become 
a partner in the New York City firm 
Consolidated Water Conditioning Co. 


Pyrometer Company of America.. . 
Clifford B. Ives & Co., Inc., has been 
appointed Greater Delaware Valley 
Area representative. Ives is a mem- 
ber of the Philadelphia Section. 


A-S-R Products Corp. ... George 
M. Urey of the Los Angeles Section 
has been appointed director of mar- 
keting, a newly created post, for the 
U.S. Relay-Electronics of Azusa and 
Com-Air Products. 


Datex .. . Appointment of Los An- 
geles. Section member Elvin H. 
Whary as western regional sales 
manager has been announced. 


B-I-F Industries . . At a recent 
meeting of the board of directors, 
Robert H. Glanville was elected 
president of the Proportioneers, Inc., 
division. 


Fairchild Controls New plant 
manager of the West Coast Compon- 
ents Division is Los Angeles Section 
member Robert E. Stanaway. 


Black, Sivalls & Bryson. . . Edward 
W. Reif has been promoted to sales 
manager of the controls division. 


General Electric . . . Key appoint- 
ments in the Computer Department 
include Kenneth R. Geiser, manager 
of the newly-organized business- 
planning department; Dr. Robert R. 
Johnson, manager of engineering; 
Dr. Helmut M. Sassenfeld, manager 
of the newly-formed applications 
section; Charles T. Haist, Western 
Regional manager DuPuy F. Cayce, 
sales manager for advanced data- 
processing systems; Warren F. 
Prince, sales manager for business 
data-processing equipment. 
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W. P. Davenport 
Bailey Meter Co 


S. G. Dukelow 
Bailey Meter C 


Bailey Meter. . . In two managerial 
assignments, New Orleans member 
S. G. Dukelow (photo) takes over 
managership of the San Francisco 
District and W. P. Davenport (pho- 
to), member of ISA’s New Jersey 
Section, has been named manager of 
the New Orleans District. 


the perfect 
combination for 
Low Cost 
Pre-Insulated Splicing 


Buchanan “WIDE-RANGE” 
Pre-Insulated Splice Caps 
Just 1 size for 2 #18, 2 or 3 
#16, 2 #14, 1 #12 with 1 
#14—or equivalent 
combinations. 

Tough see-thru Nylon. High 
insulating value. Easy 
inspection. 


Buchanan 
Ratchet-Controlled 
tri-SURE-tools 

Just 1 size— Hand or Pneu- 
matic. Fast acting — no adjust- 
ments —no wire twisting — 
load either side — splice caps 
self-positioning. 

Exclusive three-indent rolling 
action crimp provides peak per- 
formance — no puncturing of 
insulation. 


UL & CSA approved — 600 V Gy 


max. bidg. wire; 1000 V. max 


in fixtures —to 105°C. Also = 

UL approved for 1000 ¥. max @ 
Precision Instrument Co. ... New in electric signs =? 
customer Service Manager is Barney ™ , : 
D. Chouinard of the Santa Clara Write for 


Valley Section. descriptive bulletin 18-4 


LECTR eae) © Bele), | 


CAL PRODUCTS ¢ 
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See these and other 
Buchanan Products at Booth 
154, ISA Show, San Francisco. 


Minneapolis-Honeywell ... Phila- 
delphia Section member Carl Boyer, 
Jr., has been appointed chief engi- 
neer of the Rubicon Instruments Di- 
vision. 


HILLSIDE. NEW JERSEY 
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a5 Hensity Detector 


@ NO CALIBRATION REQUIRED 
@ LINEAR ACROSS BROAD RANGES OF CONCENTRATION 
@ REQUIRES NO SCARCE OR COSTLY CARRIER GASES 


Now a practical reality for 1960! Researchers at Standard Oil Company 
(Indiana) have designed a simple density detector that fulfills all these 
requirements. In cooperation with them, GOW-MAC has produced a com 
mercial prototype. 

The Gas Density Detector is the only one in use today that measures a 
single additive physical property of the chromatography gas, i.e., a prop- 
erty that depends only upon the number and kind of atoms in the molecule. 
Knowing the molecular weight of the components, the chromatographic 
peak areas can be converted directly into weight per cent. If the molecular 
weights are unknown, they can be determined by the Gas Density Detector. 
Measurements made by the Gas Density Detector are closely comparable 
to those from thermal conductivity cells. Precision and accuracy are excellent. 


SEE DECEMBER ISSUE, ANALYTICAL CHEMISTRY— 
“The composition of Crude Oi! through Seven Carbons 
as Determined by Gas Chromatography”’ by Martin and Winters 


VISIT BOOTH 530 at the 1.S. A. SHOW 
San Francisco, May 10th thru 12th 


Write for full information; address inquiries to Department I] 


GOW -SHAC \NstRUMENT COMPANY 


100 KINGS ROAD, MADISON, NEW JERSEY, U. S. A. 
Telephone FRontier 7-3450 


American Bosch Arma ... John J. 
Giba has been appointed acting man- 
ager of the Tele-Dynamics Division, 
recently purchased by American 
Bosch Arma. 


Texas Instruments . . . W. F. Joyce, 
vice-president in charge of the Ap- 
paratus Division, announced several 
organization changes. K. P. Dowell 
will direct a new department serving 
the growing market for large radar 
systems in defense and civil air traf- 
fic control. Succeeding Dowell as 
manager of the Service Engineering 
Department will be A. L. Coulson. 


J. E. Lonergan Co... . Philadelphia 
member Norman J. Smith has been 
named chief engineer of the instru- 
ment division. 


Fischer & Porter Robert M. 
Lewison, a member of the Philadel- 
phia Section, has been promoted to 
manager of the International Divi- 
sion. 


Itemlab, Inc. . . . Central New York 
member John M. Thompson, chief 
of the test facilities lab at Rome 
Air Development Center, has re- 
signed his government post to be- 
come vice president and general 
manager of this Port Washington, 
N.Y., firm. 
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(Continued from Page 93) 


Minneapolis-Honeywell Vice- 
President Henry F. Dever, head of 
the Industrial Products Group, trans- 
fers from Philadelphia to company 
headquarters in Minneapolis. James 
S. Locke, newly elected corporate 
vice-president, becomes vice-presi- 
dent and general manager of Brown 
Instruments Division. 


Humble Oil . . . Promoted to senior 
mechanical engineer in the Techni- 
cal Division is Houston Section mem- 
ber H. A. Ward, Jr. 


IBM .. . It has been announced that 
Dr. Leo Esaki, discoverer of the Esa- 
ki diode, has joined IBM as a resi- 
dent consultant. He will work with 
the Semiconductor Research Depart- 
ment. 


W. & L. E. Gurley .. . Robert G. 
Betts has been elected president of 
the Troy, N.Y., firm, America’s old- 
est manufacturer of engineering and 
scientific instruments. 


Hoke, Inc.. . . The J. R. Simpson Co. 
has been named Chicago area dis- 
tributor for Hoke. Mr. Simpson is a 
member of ISA’s Chicago Section. 


James W. Hughes 
Minneapol is- Honeywell! 


C. D. McIntire 
Minneapolis-Honeywel! 


Minneapolis-Honeywell ... New 
sales manager of the Valve Division 
is IsAman James W. Hughes (pho- 
to). Birmingham Section member C. 
D. McIntire (photo) succeeds Hughes 
as industrial manager of the Midwest 
region. 


Beckman . . . Recent appointments: 
Ralph A. Dora as project engineer in 
the Industrial Gas Chromatography 
Group; Dr. George Matsuyama as 
senior chemist in the Electrochem- 
istry Group; Clifford L. Roe to engi- 
neering records supervisor of the 
Scientific and Process Instruments 
Division. 

ASCOP ... Joseph H. Laurinec of 
ISA’s Denver Section has joined the 


company as manager of administra- 
tion. 


<& 


Daniel J. Dougherty Robert C. Saunders, Jr. 
Hagan Benson-Lehner 


Hagan... Pittsburgh Section mem- 
ber Daniel J. Dougherty (photo) has 
been named assistant advertising 
manager. 


Benson-Lehner New manager 
of application engineering is Robert 
C. Saunders, Jr., (photo), a member 
of the San Fernando Valley Section. 


Consolidated Electrodynamics ; 
Appointment of Robert A. Hall as 
administration manager of the Data- 
lab Division has been announced. 


Burroughs. . . J. R. Bradburn (pho- 
to), of ISA’s Los Angeles Section, 
has been named vice-president— 
manufacturing and engineering of 
the firm’s new Equipment and Sys- 
tems Marketing Division. 





=== ISA MEMBERSHIP == 


BENEFITS 





ment, testing, information handling. 
computation, and control. Find out 
what this nationwide organization can 


do for you today. Use coupon below: 


\ Membership Application 


Form Is Included 


Instrument Society of America 


313 Sixth Ave., Pittsburgh 22, Pa. 


Please send me your free booklet, “Your 
Place in Instrumentation” and a Membership 


Application Form. 


Name 


Address 
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ISA Journal 


tion.” In it you will find all the benefits 
to management, engineers and techni- 


cal personnel in the fields of measure- 


are completely spelled out in the free 


booklet “Your Place In Instrumenta- 





Reliable and rugged, Harco Metal Sheathed 
Thermocouples are manufactured under the 
most exacting laboratory supervision and con- 
trol. The finest possible combination of sheath 
materials, wire, and ceramic insulation are used 
to provide thermocouples to meet every con- 
ceivable temperature sensing requirement. 


**specials’’ 
5, 6, 7, 8 (and more) wire con- 
figurations ...4 standard cold 
end terminations . . . conduc- 
tor materials A through N 
. . « all conventional 
sheath and insula- 
Ly tion materials. 
Yj 


rmocouples 


3 standard junctions, plus a variety of 
. . Co-ax, duplex, triax, 4, 





rite today for 
free technical lit- 
erature and the 
name of your 
local factory rep- 
resentative. 


HARCO LABORATORIES, INC. 
80 Olive Street, New Haven, Conn. 
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Laboratory for Electronics . . . New 
director of the recently expanded in- 
strument division is John N. Cullen. 


General Controls .. . The board of 
directors have named George Croth- 
ers vice-president and general man- 
ager of General Controls Co. (Cana- 
dian), Ltd., headquartered at 
Guelph, Ont. 


Data-Control Systems ... Ap- 
pointment of Fred Covarrubias as 
application engineer in the market- 
ing division has been announced. 


Librascope ... Paul Askern joins 
Librascope-Burbank as a digital data 
handling specialist. 


S-C ... James D. McLean will 
join Central Dynamics Corporation 
as president of the Stromberg-Car]- 
son Division. 


Beckman. . . In the Spinco Division, 
William W. Calhoun has been named 
manager of applications research; 
George F. Clifford has been appoint- 
ed manager of the division. 


Ramo-Woolridge ... Twelve ap- 
pointments have been made to the 
staff of the newly formed Intellec- 
tronics Laboratories. They include 
Edward A. Taylor, Norman Schaef- 
ler, Angelo F. Scardina, Alfred W. 
Richmond, Charles A. Mauss, Wil- 
liam Campbell McGee, James J. 
Lamb, Lawrence L. Giller, William 
S. Forrester, Philip A. Friend, Henry 
H. Q. Chun, and Irving K. Cohen. 


Genera! Kinetics Corp... . A new 
addition to the engineering staff is 
Western Massachusetts member Ro- 
ger G. Riefler. 


General Electric . . . Appointment 
of Dr. John G. Hutton as general 
manager of the Specialty Control De- 
partment has been announced. He 
will replace Dr. L. T. Rader, who 
resigned. 


Ampex Corp... . The Instrumen- 
tation Products Division of Ampex 
Data Products Company has an- 
nounced the promotion of John J. 
Blake to manager of its Market Plan- 
ning Section. 





LEISS 


Single and Double 
MIRROR - MONOCHROMATORS 


with exchangeable prisms for the 


a = 


logarithmic 


J. R. Bradburn 


George W. Kelsey 
Burroughs Corp 


B-I-F Industries 


B-I-F Industries . . . Boston Section 
member George W. Kelsey (photo) 
has been elected Senior Vice-Presi- 
dent. 


Burroughs ... Former director of 
manufacturing for the ElectroData 
Division, Joseph B. Rice, Jr., has 
been named general manager of the 
new ElectroData Manufacturing and 
Engineering Division. 


CompuDyne.. . Nuclear control ex- 
pert Robert Newton Brey, Jr., leaves 
Leeds & Northrup to join Compu- 
Dyne as market development man- 
ager. 
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ARIABLE-RESPONSE RECORDER 
for densitometry in paper electrophoresis 


Recording function electrically 
adjustable from linear to 
logarithmic and trans - 


Sensitivity 
adjustable from 
10 to 200 millivolts 


visible, ultraviolet, infrared from 
200 millimicrons to 20 microns 


Designed specifically te be used with scanning densitometers for correctly- 
compensated quentitative evaluation of electrophoretic patterns on filter peper 


TOM 
Write for Bulletin #1100 Fn} 


Write for Bulletin +980 to pH Meters — Colorimeters Fluorescence 
Photometers 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
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arouk beg 


instrumentation 
and Automatic Control 


_News From . i 


( 


What are the Russians doing in the field of instrumenta- 
tion? How much do we really know about their activities, 
their scientific achievements? 

The answers are now available through authoritative 
English cover-to-cover translations of four leading Russian 
journals. Sponsored by the Instrument Society of America 
under a grant from the National Science Foundation, 
the ISA “Soviet Instrumentation and Control Translation 
Series” affords an excellent means for keeping abreast of 
the latest developments in Soviet instrumentation. 


LOW ANNUAL SUBSCRIPTION RATES 
‘ - Libraries of Non-Profit 
specify the year of issue. Academic Institutions 
U.S. & Other U.S. & Other 
Canada Countries Canada Countries 
Measurement Techniques 1958...$ 20.00 $ 23.00 $10.00 $13.00 
Measurement Techniques 1959... 25.00 28.00 12.50 15.50 
Instruments & Experimental 

Techniques 1958 & 1959 " 28.00 12.50 15.50 


Automation & Remote Control 
1957 & 1958 30.00 33.00 15.00 18.00 
Automation & Remote Control 59 35.00 38.00 17.50 20.50 


industrial Laboratory '58 & '59.. 35.00 38.00 17.50 20.50 


Combination Subscription to 

all 4 Journals 1958 ‘ 112.00 50.00 62.00 
Combination Subscription to 

all 4 Journals 1959 122.00 55.00 67.00 











SOVIET 
RUSSIA 


MEASUREMENT TECHNIQUES 

(Izmeritel’naia Tekhnika) — Russian original pub- 
lished monthly by the Committee of Standards, 
Measures and Measuring Instruments of the Coun- 
cil of Ministers, U.S.S.R. Of particular interest to all 
who are engaged in the study and application of 
fundamental measurement. 1958 issues bi-monthly. 


INSTRUMENTS AND EXPERIMENTAL 
TECHNIQUES 

(Pribory i Tekhnika Eksperimenta) — Russian origi- 
nal published bi-monthly by the Academy of 
Sciences, U.S.S.R. Articles relate to function, con- 
struction, application and operation of instruments 
in various fields of experimentation. 


AUTOMATION AND REMOTE CONTROL 
(Avtomatika i Telemekhanika)— Russian original 
published monthly by the Institute of Automation 
and Remote Control of the Academy of Science, 
U.S.S.R. Articles on all phases of automatic con- 
trol theories and techniques. 


INDUSTRIAL LABORATORY 
(Zavodskaya Laboratoriya) — Russian original pub- 
lished monthly by the Ministry of Light Metals, 
U.S.S.R. Articles on instrumentation for analytical 
chemistry and physical and mechanical methods of 
material research and testing. 


INSTRUMENT Society oF AMERICA 


313 SIXTH AVE., PITTSBURGH 22, PA. 


ISA Journal 


@ PHONE: ATlantic 1-3171 
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4 NEW BOOKS 


Instrument Abstracts, $1.00 per copy, 
$12.00 per year. 

Monthly publication compiled by 
British Scientific Instrument Re- 
search Association includes abstracts 
from Great Britain, U.S.A., Japan, 
Russia, etc., in English. Annual sub- 
ject and author index. Abstracts are 
grouped under such heads as Atom- 
ics, Chemistry, Control, Electronics, 
Mechanics, etc. (Order from Taylor & 
Francis, Ltd., Red Lion Court, Fleet 
St., London, E.C.4, England.) 


Basics of Fractional Horsepower Mo- 
tors and Repair, Gerald Schweit- 
zer, 236 pp., $3.90. 

Describes in details fundamentals of 

fractional horsepower motors; pro- 

vides practical, easy-to-understand 
explanation of principles of opera- 
tion of various motors and presents 
basic procedures for diagnosing and 
repairing general troubles. Princi- 
ples of operation and construction; 
section on testing. (Order from John 
F. Rider, 116 West 14th St., N.Y. 11, 
N.Y.) 


Economic Control of Interconnected 

Systems, Dr. Leon K. Kirchmayer. 
Companion volume to author’s “Eco- 
nomic Operation of Power Systems” 
discusses how computers can con- 
trol large electric power systems that 
are interconnected by transmission 
lines. Develops mathematical con- 
cepts of controlling power genera- 
tion and power flow so that power 
is produced at minimum cost. (Order 
from John Wiley & Sons, 440 4th 
Ave., N.Y. 16, N.Y.) 


Health Physics Instrumentation, J. 

S. Handloser, 182 pp., $6.50. 
Contains descriptions, characteris- 
tics and uses of common types of 
radiation detectors used by health 
physicists. Book is primarily de- 
signed for those beginning to use 
radiation and who wish information 
concerning the basic health physics 
instrumentation procedures. Biblio- 
graphy follows each chapter; general 
bibliography included. (Order from 
Pergamon Press, 122 East 55th St., 
N.Y. 22, N.Y.) 


Electronic Circuits, Signals and Sys- 
tems, S. J. Mason and H. J. Zim- 
mermann, 616 pp., $12.50. 

Companion volume to _ authors’ 

“Electronic Circuit Theory” presents 

matrix, topological and signal-flow- 

graph methods of circuit and sys- 
tems analyses. Formulation and so- 
lution of electronic circuit problems 
is stressed. (Order from John Wiley 

& Sons, 440 Fourth Ave., N.Y. 16, 

New York) 

N.Y.) 
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ohmart 


ATOMIC 
ENERGY 


¢ increase your production 
efficiency 

e improve your product 
quality 

e increase your profits 


by precision control of 
the density variable in fluid 
and slurry processing 


Ohmart Density Gages are invaluable components of any 
process where the close-limit control of the density of liquids or 
slurries will mean substantial dollar savings. 

These gages employ a gamma radiation source and the 
patented Ohmart Cell, which converts gamma radiation directly 


into electrical energy. Materials 
placed between the source and 
the cell absorb the energy in pro- 
portion to the density. Hence the 
cell output current is a direct 
measurement of the density. 
The radioactive source is amply 
shielded. The radiation level is 
low—has no effect whatsoever on 
the materials measured. 

Ohmart Gages have no mov- 
ing parts; are not in contact with 
the media. There is nothing to 
wear out, plug, or corrode. Mea- 
surement and control are reliable, 
continuous and automatic. Main- 
tenance is practically nil. 

On numerous installations, 
the improvements in process and 
product quality control made by 
Ohmart Density Control Systems 
have paid for the systems within 
six months and less. For detailed 
information, write for Bulletin 
No. 105-C. 


ohmart 


Caustic evaporator employing Ohmart 
Density System to maintain a constant 
percent of solids. 


Diagram shows typical Ohmart Density 
Control System where control of liquid 
density is by actuation of a valve. 


The Ohmart Corporation 


2238 Bogen St., Cincinnati 22, Ohio 


Engineering representatives in principal areas 
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new literature 





Nuclear Training System 


Bulletin describes complete radioiso- 
tope laboratory for school science pro- 
grams. Nuclear training system is an in- 
tegrated system of instruments, radiochem- 
icals and lab accessories for teaching chem- 
istry, physical and life science courses. 
Nuclear-Chicago Corp. CIRCLE NO. 401 


Leak Detector Data 


\ four-page brochure contains tables 
of conversion factors, formulas, perform- 
ance charts, hints and other useful in- 
formation for users of mass-spectrome- 
ter-type leak detectors. Data is compiled 
in handy, compact reference form. CEC. 

CIRCLE NO. 402 


Vacuum Valve Operators 


Data sheet presents new approach to 
compact design in air-operated vacuum 
gate valves. These remote operators are 
recommended for any application requir- 
ing limited shaft motion. Vacuum Re 


search Co CIRCLE NO. 403 


Laboratory Ovens 


I'wo-page bulletin gives detailed data 
on an analytic laboratory oven and an 
electric drying laboratory oven. Ovens de 
signed to emphasize conduction and radi 
ation modes of heat transfer while min- 
imizing convection. E. H. Sargent 

CIRCLE NO. 404 


R-F Chromatograph Detector 


Iwelve-page bulletin includes informa 
tion on a new line of radio-frequency de 
tectors for use with gas chromatographs 
These detectors make possible the meas 
urement of components previously unde 
tectable by other means. Other interesting 
related accessories discussed. American In- 


strument Co CIRCLE NO. 405 


Precision Electric Meters 


Current, voltage and high resistance 
(megohm) precision meters are listed in 
a 20-page catalog. Meters available in 
portable, panel and bench models for 
field, laboratory and production line use 
Feature Bifilar Suspension 
principle, a unique friction-free system 
meter coil. Greibach Instru 

CIRCLE NO. 406 


patented 


of “floating’ 


ments 


98 ISA Journal 


All-Purpose Angle Valve 


Unique universal angle valves for liquid 
level gages, instrument piping and general 
use are described in new data sheet. Valve 
combines advantages of single-piece forged 
body and bonnet flange, simplified bolted 
bonnet and reciprocating stem. Jerguson 
Gage & Valve. CIRCLE NO. 407 


Electric Clutch Controls 


Complete 8-page booklet describes a 
line of standard, special and custom con- 
trols for use in actuating electric brakes 
and clutches. Booklet includes description 
of operation, dimensions and _ selection 
chart. Warner Electric Brake & Clutch. 

CIRCLE NO. 408 


Paper and Film Testers 


Brochure describes thickness microme 
ters, burst-strength testers and __ basis 
weight scales. Instruments designed for 
checking physical and mechanical propet 
ties of papers, films, foils, boards, tissues, 
etc. E. J. Cady & Co. CIRCLE NO. 409 


Portable and Hand Tachometers 


Brochure outlines two new instruments 
for general shop and lab testing of ro 
tational speeds on most types of equip 
ment. Eight standard ranges available 


from 0-600 rpm to 0-25,000 rpm. Electro 
Mechano Co CIRCLE NO. 410 


Surface Area Measurements 


[he “Sorptometer”, a new instrument 
for accurate studies of surface area of 
powders and grains and other adsorption 
phenomena, is the subject of a new bro 
chure. Applications for the instrument 
cover a broad range of quality control and 
development areas, with special emphasis 
on catalyst study. Perkin-Elmer. 

CIRCLE NO. 411 


Sweep Generators 


Bulletin describes generators 
which cover the entire frequency range 
from | to 2300 mc, in a variety of sweep 
widths and individual instrument ranges. 
Features include extremely flat power out- 
put, a “Birdy-By-Pass” technique of add- 
ing frequency markers, and a versatile sys- 
tem of plug-in marker units. Telonic In- 
dustries, Inc. CIRCLE NO. 412 


sw cep 


Liquid Level Controls 


Floatless, electrode-type liquid level con- 
trols are described and illustrated in a 
new four-page catalog. Controls, enclos 
ures, panels and fittings are covered in 
this release which will appeal to mechanics 
as well as design engineers. Charles F. 
Warrick Co. CIRCLE NO. 413 


Industrial Television 


A 112-page catalog, the first of its kind, 
lists many types of closed-circuit TV 
equipment for industry. It aids in plan- 
ning TV_ systems fur steel mills, rail- 
roads, metal working plants, public util 
ities, airlines, refineries, etc. RCA. 

CIRCLE NO. 414 


Motorized Impact Tester 


Colorful brochure illustrates and de- 
scribes a motorized impact tester which 
conforms to ASTM standard E-23. Ma- 
chine makes Izod, Charpy or tension im 
pact tests; is readily adaptable to special 
tests. Testing Machines, Inc NO. 415 


Memory Oscilloscope 


New descriptive literature gives specifi 
cations and details concerning oscillo 
scope which functions as a conventional 
CRO and as a storgae unit. Screen stores 
the displays indefinitely, Carts and othe 
accessories also listed. Hughes. 

CIRCLE NO. 416 


Proximity Meter Manual 


New technical applications manual, 28 
pages, describes a  capacitance-operated 
proximity meter. Circuits, dimensions, lay 
out specs, etc included. Applications in 
clude concentricity gaging, surface finish 
strain gaging, micrometer measuring—all 
without 
Robertshaw-Fulton 


contact or pressure 


CIRCLE NO. 417 


physical 


Flow Control Valves 


\ new line of flow control valves fea 
turing low pressure drop is described in 
a 6-page folder. Line offers a wide vari 
ety of flow rates from 0.2 to 50 gpm 
Available in 6 pipe sizes, the valves auto 
matically compensate for pressure surge 
and pressure drop to maintain constant 
flow rate. Automatic Controls Div.-Hays 
Mfg. CIRCLE NO. 418 





Make speedier checks of recorders, control- 
lers and base or noble metal thermocouples 
in industrial plants with the new three-dial 
8686 Portable Millivolt Potentiometer. Fea- 
tures such as a central reading window ... 
where measured values appear as a row of 
digits with a scale interpolation ... simplify 
calibration of thermocouples and test meas- 
urements. The 8686 Potentiometer has: a 
wide operating range of —10.0 to +100.1 
mv and +1010 to +1020 mv for standard 
cell calibration; and a high accuracy of 
+ (0.05% of reading +3uv) without refer- 
ence junction compensation, +(0.05% of 
reading + 6 uv) with ref. jct. comp. Write 
for Data Sheet E-33(1A). 


8686 Millivolt 

Potentiometer 
8690 Millivolt 
Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout”, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


4 time-saving 
instruments from the 


NEW 


CONVENIENCE-STYLED 
L&N LINE... 
8692 and 8693 


Temperature 
Potentiometers 


— 


If you want to make a variety 

of temperature measurments f 
quickly with one flexible 
instrument, investigate the 
new time-saving 8692 Single- 
Range or 8693 Double-Range 
Temperature Potentiometers. 
Available in any of 24 inter- 
changeable temperature and 


Need a fast-operating, high-sensitivity, 
high-quality null indicator for use in re- 
search, testing and production checking? 
Here’s a new 9834 Guarded D-C Null Detec- 
tor having a short period of less than two 
seconds for source resistances up to 1000 


millivolt ranges, these instru- 
ments read directly in degrees 
F or C on a scale 27%” long. 
Convenience features include: 
simplified range changes... 
only a screwdriver is needed 
to change a circuit panel, 
scale and binding post studs; 
automatic reference junction 
compensation . . . reference 
coil, built into circuit panel, 
compensates for thermocouple 
being used; accuracy ... 
+0.2% of range. Write for 
Data Sheet ND42-33(1A). 


ohms, increasing to 4 seconds at 100,000 
ohms ... ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 uv/mm (0.3 uv/scale div.), 
and a noise level of less than +0.1 uv. 
Write for Data Sheet ED7(2). 


Ltt 


9834 Guarded 
D-C Null Detector 


fT 
LEEDS _ NORTHRUP 


Bi 
4929 Stenton Ave., |i §} Philadelphia 44, Pa 
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versatile 
PULSE RATE 


FR-211 
FREQUENCY- 
TO-DC 


Wough 


; CONVERTER 


OUTPUT 


FLOW SENSOR 4 DIGITAL COUNTER 
TACHOMETER —e & — POTENTIOMETER 


PHOTO CELL 


OSCILLOGRAPH 


ELECTRO-MAGNETIC COIL —— 1 — PANEL METER 


OTHER TRANSDUCERS 


The Waugh FR-211 is a frequency-to-D.C. 
converter, producing D.C. voltages which are 
precisely proportional to the frequency of the 
A.C. input signal. Output may be read directly 
from a built-in panel meter, and output volt- 
ages are Suitable to operate a wide variety of 
electronic indicators, recorders and controllers. 
The FR-211 has applications for critical meas- 
urements in the laboratory, as well as missile, 
chemical and petroleum fields. 


for complete 
technical data 
request bulletin 102 


7 Representatives 


pol Cities 


[ Weuy 


i ~~ TAPE RECORDER 


: GENERAL SPECIFICATIONS 

r Linearity: Within +0.1% 

t Long Term Stability: 44% 
Input Voltage Range: 5 mv. to 10v RMS 
Input Frequency Range: 5 to 3000 cps. 


i Output Impedance: 250 to 1000 ohms 


i 
WAUGH 
ENGINEERING 
COMPANY 


7842 Burnet Avenue, Van Nuys, Calif. 
STate 2-1710 
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MU 





IRHEAD 





SYN 


CHROS 


Types include Control Transmitters, 


Control 
Control Tr 
Transmitters 


Differential 


Transmitters 
ansformers, Torque 
and Receivers, Torque 


Differential Transmitters, Resolvers, Linvars, Servomotors, Motor 


Tachometers and Tachometer Generator 


Where military specifications exist, Mu 
supplied satisfying Bureau of 
Ordnance and N.A.T.O. require- 
ments. 

index to all the types 

given in. the 


Sheet 


A concise 
manufactured 1s 
Muirhead Synchro Broad 
will be 

Detailed 


which 
request 


individual types 


s 


rhead synchr 


MUIRHEAD INSTRUMENTS INC. - 441 LEXINGTON AVE - NEW YORK I7-N.Y.- U.S.A. 


MUIRHEAD INSTRUMENTS LIMITED 
MUIRHEAD & CO. LIMITED 


CANADA 
ENGLAND 


ONTARIO 
KENT 


STRATFORD 
BECKENHAM 
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new literature 





Split-Body Control Valves 


I'wenty-page publication gives data on 
new “S” and “Y” style split-body valves, 
each with its own angle variation. By using 
the various tabulations, customers can 
quickly determine size, rating, end con- 
nections, valve action, materials, C, factor, 
effective area, maximum pressure drop, 
weight etc. Hammel-Dahl NO. 419 


Full Spectrum Seismograph 


Bulletin provides complete information 
about a full spectrum seismograph system 
which combines reflection, refraction and 
high-frequency recording in one unit. Sys 
tem has extended frequency capabilities 
used for all three 

with minimum 
NO. 420 


which enable it to be 
prospecting techniques 


equipment investment. SIE. 


Electronic Counters 


Bulletin describes wide variety of pre 
cision electronic counters and accessories 
Multipurpose, frequency, computing, tel- 
emetering, industrial and dual preset 
counters, along with digital recorders, 
clocks, comparators, indicators and scan 
ners are included in this well-illustrated 
booklet. Hewlett-Packard. NO. 421 


Pressure Snubbers 


Data sheets contain detailed informa- 
tion on a line of pressure-sensitive instru- 
ment protective devices for industrial use 
Excess flow-check snubber acts to prevent 
loss of pressure actuating medium, in 
event of instrument failure. Another unit 
is available for use with mercury systems. 


Chemiquip Co. CIRCLE NO. 422 


Graded Instrument Gears 


A graded instrument gear catalog and 
engineer’s handbook incorporates a radi- 
cally new concept in gear manufacturing. 
All gears are graded for quality on latest 
precision checking equipment. Stocked in 
4 grades and 5 materials. Handbook con 
tains engineering data never before avai! 
able in one book. Armac Gears. 

CIRCLE NO. 423 


D-C Converters 


“Designing 
ap- 


Illustrated report entitled 
DC-DC Converters” outlines 
proaches which pave the way for design 
of dc to dc or dc to ac converters which 
are compact, inexpensive and highly versa- 
tile. Includes detailed data on the design 
of tape-wound core-transistor converters. 
CIRCLE NO. 424 


new 


Magnetics, Inc. 





Expanding the Frontiers of 
Space Technology in 


QUALITY 
ASSURANCE 


Quality assurance at Lockheed parallels in 

importance and augments the research and 
development, projects and manufacturing organizations. 
Quality assurance engineers establish audit points, 
determine functional test gear, write procedures and 
perform related tests. 


These activities, supported by laboratories, 

data analysis, establishment of standards, and issuance 
of reports, all insure that Lockheed products meet 

or surpass contractual requirements. Economy 

and quality are maintained at every stage to produce 
the best products at the least cost. As systems manager 
for the Navy PoLaris FBM;; the Air Force ~ 
AGENa Satellite in the DisCOVERER Program and 

the Mipas and Samos Satellites; Air Force X-7; 

and Army KINGFISHER, quality assurance 

at Lockheed Missiles and Space Division 

has an important place in the nation’s defense. 


Engineers and Scientists—Such programs reach 
far into the future and deal with unknown and 
stimulating environments. It is a rewarding future 

with a company that has an outstanding record 

of progress and achievement. If you are experienced 

in any of the above areas, or in related work, we invite 
your inquiry. Please write: Research and Development 
Staff, Dept. D-24, 962 W. El Camino Real, Sunnyvale, 
California. U.S. citizenship or existing Department 

of Defense clearance required. 








Lochheed 


MISSILES AND SPACE DIVISION 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, 
SANTA MARIA, CALIFORNIA - CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO - HAWAII 





new literature 





Polyethylene Tubing 


Catalog sheet describes new polyethylene 


tubing which is chemical resistant, non- 


toxic and odorless. This tubing is used 
to advantage for piping instrument panels 
and for laboratory 
Four sizes are available from 1/4 to 1 


Parker-Hannifin. NO. 425 


temporary set-ups. 


or” 


in diameter 


Strain Gage Data Loggers 


Bulletin, 4-pages, gives description, 
specifications, dimensions, etc. for a 
wide-range digital-recording system. Used 
for all combinations of strain gages and 
strain-gage this unit 
matically scans 100 channels. Capacity is 
Bytrex. NO. 426 


new 


transducers, auto- 


easily expanded 


Polaroid Lens Attachment 


Literature describes a lens attachment 
that table-top Polaroid Land 
photography with Oscillotron Cameras 
rhe new supplement, called “Lensette,” 


permits 


makes it possible to photograph instru 
ments, bench setups, lab tests, inspection, 
etc and have finished prints in 60 seconds. 
Lens can be quickly installed or removed 
CIRCLE NO. 427 


Beattie-Coleman, Inc. 


Gurley Precision Shaft Position Encoder 


Read Angles Photoelectrically 


> No friction 
> No wear 


Gurley Precision Shaft Position Encoder is only 3%” 
in diameter...reads 8192 angular positions per revolu- 
tion...accurate to 2% minutes of arc...contains ampli- 


fiers to give 3 or 10 volt output. 


p> Write for illustrated brochure. 


W. & L.E. Gurley 


526 Fulton Street, Troy, New York 


CIRCLE NO. 


ISA Journal 


> High accuracy 


102 ON PAGE 91 


Insulation Resistance Testing 


New 32-page manual 
cedures and includes step-by-step diagrams 
rhis 


simplifies pro- 
for measuring insulation resistance. 
with the 
make possible 


together company’s 


Megohmeter 


manual 
“Vibrotest” 
accurate testing by nontechnical produc- 
tion and maintenance personnel. A_ por 
tion of this book covers procedures for 
testing specific equipment such as capaci- 
and d-c motors, switches, circuit 
breakers, etc. Associated Research. 
CIRCLE NO. 428 


tors, a-¢ 


Saunders Valves 


Well illustrated 8-page booklet 
construction details, operating character- 
istics and specifications for line of Saun 
ders valves. Included is a section on valve 
sizing and flow coefficients which aids in 
selection of these’ valves. 

CIRCLE NO. 429 


gives 


the prope 
Conoflow. 


Miniature Precision Bearings 


Design catalog serves as a guide for se- 
lection of miniature precision instrument 
bearings. These sintered bronze bearings 
were designed to replace ball bearings in 
a wide variety of applications, where re 
quirements do not justify cost of expensive 
ball bearings. Precision tolerances, life, and 
low friction are still North 
field Precision Inst. NO. 430 


maintained. 
CIRCLE 


Microwave Measurements 


\ 320-page, hard-cover book provides 
comprehensive theory, plus practical help 
on applications of microwave measure 
ments. Gives actual drawings of test set- 
ups with instructions on test 
procedures. Expanded handbook 
included. Write on company letterhead to 
Mr. Louis Della Penna, Gen'l Mgr. De 
Mornay-Bonardi, 780 S. Arroyo Pkwy 


Pasadena, Calif. 


together 
section 


Material-Level Indicator 


material-level indi 


automatically con 


Bulletin tells how 
cators accurately and 
trol the level of pulverized, fine, crushed 
or granular material in bins or silos. Both 
and = specially-designed 
hazardous dust conditions) 
Fuller Co. CIRCLE NO. 451 


general 
models 


purpose 
(for 
are discussed 


Electronic Voltmeters 


electronic voltmeters 
monitoring of 
and con 


folder of 


Panel-mounting 
designed for continuous 
critical systems 
soles, are 
data sheets. Single and multiple ranges, 
commercial and military types of equip 
available. Principal specifica 
available at a_ glance 


CIRCLE NO. 432 


parameters in 


described in a new 


ment are 
tions are 
Metronix 


easily 








{ Morehoube 


ANNOUNCES... 





In calibrating 
meters, thrust stands, testing machines, 
and other weighing systems, the 
Morehouse Balancing Instrument can be 
teamed with various capacity Morehouse 
Load Rings to give a broad calibra- 
tion range. A vacuum tube is used with 
the instrument and operates on 110 volts. 
Send today for our Bulletin 169 and data 
on this new Balancing Instrument. 


A BALANCING INSTRUMENT WITH A 
NEW STANDARD OF PERFORMANCE 


Recognized for its outstanding accuracy and versatility, the 
Morehouse Calibration and Weighing System Balancing Instru- 
ment has undergone a design change which adds new standards 
of stability and performance. An extremely sensitive miniature 
cam, spring loaded for positive performance, replaces a potenti- 
ometer as the zero adjustment device. 
difficulties are possible and readings are direct and simple. 
load 


Territories open for qualified repre- 
sentatives. Write direct to factory. 


No phase relationship 


cells, dynamo- 





MOREHOUSE MACHINE CO. 


1742 Sixth Ave. e 
CIRCLE NO. 103 ON PACE 91 


York, Pa. 





WWYV Radio Receiver 


Literature is available on a new transis- 
torized WWYV radio receiver that is battery 
operated and requires only 314” rack 
space. The receiver is used for pickup of 
National Bureau of Standards time and 
frequency broadcasts. Instantaneous car- 
rier-frequency selectivity of from 2.5 m«¢ 
to 25 mc is crystal controlled. Sensitivity is 
2 microvolts; selectivity is 10 ke at 20 db 
down. Battery or a-c powerpack available 
Specific Products CIRCLE NO. 433 


Small Diameter Tubing 


In Volume II, a 24-page brochure, en- 
titled “Metals for Precision and Perform- 
ance,” 20-pages are devoted to end-uses of 
small diameter tubing. Clad metals and 
composite wires, popular in instrument 
and missile fields, are also included. J. 
Bishop & Co CIRCLE NO. 434 


Pressure Transducer 


I'wo-page bulletin describes a pressure 
transducer for measuring absolute and 
gage pressures to 5000 psi. The transducer 
is designed for use in extreme environ- 
mental conditions. Features include pro 
vision for bridge balance, temperature 
compensation and sensitivity adjustments 
all external to sealed element. CEC 

CIRCLE NO. 435 


Radar Transmission System 


Bulletin covers operation of a radar 
transmission system designed to provide 
accurate, real-time missile impact predic- 
tions. Data transmitters and receivers used 
in this system have business, scientific and 
industrial counterparts. Collins Radio 

CIRCLE NO. 436 


Precision Gear Trains 


Folder entitled “PRECISION GEAR 
manship by General Mills” describes how 
angular and backlash tolerances are con 
trolled to achieve an exceptional degree of 
total accuracy in gear mechanisms. Help 
ful charts are included. General Mills 

CIRCLE NO. 437 


Protective Relays 


Useful 6-page catalog describes line of 
protective relays with information on ap- 
plications, special features and design. Test 
plugs which allow for secondary testing 
of relay circuits also are covered. Induc 
tion movements, hinged armature move 
ments and operation indicators are dis- 
cussed. Federal Pacific Electric 

CIRCLE NO. 438 


Nuclear Process Instruments 


Catalog features key specifications and 
photos of instruments for nuclear research 
and process control. Includes information 
on integrators, amplifiers, converters, pulse 
analyzers, scalers and other system com- 
ponents. Eldorado Electronics. 

CIRCLE NO. 439 


INSULATED WIRE 


that will withstand 





@ Available in outside diameters of 
025 to .333 AER O PAK 
Electrical Conductors 
Thermocouple Wire 
Miniature 
Heating Elements 


One or more wires insulated from 
metallic sheath by a ceramic 
oxide 

AerOPak can be bent and weld 
ments performed without loss of 
insulation 


Available i: a variety of metal 
sheath materials, insulations and 


Thermocouples 
made to your 
Ask for new revised issue of Bul- specifications 


wires 











letin 4. Send for Bulle- 
tin 3.8A 
SS 


INSTRUMENT Kaenrche I 


DEPT. ISA, 315 NORTH ABERDEEN 7 CHICAGO 7, ILLINOIS 
Sales Representatives throughout the United States and Canada 


CIRCLE NO. 104 ON PACE 91 


INSTRUMENTATION ENGINEERS 








Chemical process analytical and control instrumentation 
—using specially designed equipment, and commercially 
available equipment 


Positions will involve laboratory research and develop- 
ment, design, application engineering, prototype 
development and testing, and installation in full-scale, 
on-stream processes. 

Qualifications include a B.S. degree, or equivalent, in 
physics, physical chemistry, chemical engineering, 
electrical engineering, mechanical engineering, or 
mathematics 

1-5 years experience desirable, but not essential. Must 
be enthusiastic about instrumentation and have desire to 
work in its many phases 


Excellent opportunities and salaries for qualified 
individuals. 


All positions for our Midland, Michigan location 
Excellent living, educational, and recreational facili- 
ties. Relocation expenses paid 


Interested parties should send resume to: 


Mr. James E. Campbell 
Technical Employment Department 
Midland, Michigan 
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new literature 





Midget P-M Motors 


New bulletin gives performance and 
specification data on a new line of 114”- 
diameter permanent magnet motors rated 
at 1/45 to 1/30 hp. Globe Industries. 

CIRCLE NO. 440 


Digital Thumbwheel Switches 


Catalog contains illustrations, dimen- 
sional drawings and complete technical 
details on new 14”—wide modular digital 
switches. Instant positive readout featured 


Airborne Pressure Transducer 


Data sheet describes a pressure trans- 
ducer primarily designed for airborne ap 
plications where 0.25% accuracy is re- 
quired over a wide temperature range. 
Instrument will withstand severe accelera- 
tions and vibrations such as encountered 
during missile and rocket flights. Tabe1 
Inst. CIRCLE NO. 444 


Word Indicator Light 


New catalog, 4-pages, describes diode- 
resistor circuit which reduces 115 v a-c in- 
put to drive lamps in a small package. 
Circuitry completely contained in modular 
control capsule. No need for transformers 


**Stunt Box’’ Control Device 


Illustrated 20-page brochure provides 
an understanding of how printers and 
automatic send-receive sets can be uti 
lized to maximum capabilities. Completely 
describes exclusive built-in control me- 
chanism; gives basic explanation of equip 
ment, its operation and application. Tele 
type Corp. CIRCLE NO. 448 


Free Pot Selector Chart 


Chart, measuring 24 x 30”, contaims 
complete and easily read specifications on 
37 standard models of single and multi- 
turn precision potentiometers. Suitable 
for wall mounting, this chart includes 
electrical, mechanical, mounting and en- 


with wafers replaceable in 10 seconds, or or special power supplies. All solid state 
ci ' CIRCLE NO. 445 
with fixed wafers. Chicago Dynamic In- 


CIRCLE NO. 441 


Master Specialties Co. vironmental features. Spectrol Electronics. 

‘ CIRCLE NO. 449 

dustries. 
Instrument Rectifiers 

Absolute Pressure Transducer nin 


New specification sheet describes a sub- code, dimensions, temperature effects, etc 
pressure transducer for line of instrument rectifiers. Other 


related information such as rectifying ef- 

ficiency, temperature effects and frequency 

response, is also included. Conant Labs. 
CIRCLE NO. 446 


Electronic Devices for Industry 


sheets give specifications, color . “ 
8 I Brochure entitled “Lear Produces and 


Designs for Industry” lists industrial prod- 
ucts now available, and those used in de- 
fense, which are readily adaptable for in- 
dustrial use. Electronic and electro-me- 


miniature absolute 
with excellent accuracies for its size. Fea- 
tures include low temperature error, wide 
pressure ranges, and media isolated from 
electrical components. Bourns. NO. 442 


chanical products included. Lear. 
CIRCLE NO. 450 


Sub- and Micro-Miniature Relays Cirect-Writing Recording Transisitor Transformers 


A 36-page catalog offers specifications 
ow a complete line of industrial trans- 
formers, plus over 80 new items in the 
audio, pulse and transistor applications. 
Triad Transformer Corp. NO. 451 


New booklet contains free samples of 
chart papers showing comparison between 
three basic recording techniques — ink, 
electric and thermal. Folder also describes 
pens, writing styli, etc. Brush. NO. 447 


Catalog, 24-pages, covers line of sub-and 
micro-miniature hermetically sealed _re- 
lays. Includes information on mounting 
styles, available terminal types, sockets, 
dry circuitry, etc. Filtors, Inc. NO. 443 








THERMOCOUPLE 
REFERENCE 
JUNCTION 


thermometer 
at its best 


DISTANT 
READING 


Something much 

finer in a dial ther- 

mometer: finer because 

it is the bourdon tube type of thermometer 
at its best...embodies the greater precision 
and lasting accuracy of the Marsh Pres- 
sure Gauge. 

Both vapor tension and gas-filled types 
are available in either distant reading or 
rigid stem types. In the broad Marsh line 
you have a complete selection of tempera- 
ture ranges, case sizes, styles, and finishes. 


Ask for the Thermometer Catalog 


MARSH INSTRUMENT COMPANY, Dept. 56, Skokie, III. 
Division of Colorado Oil and Gas Corporation 
Marsh Instrument & Valve Co., (Canada) Ltd. 
8307 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant, 1121 Rothwell St. 
Sect. 15, Houston, Texas 


CIRCLE NO. 106 ON PAGE 91 


PACE BRJ SERIES UTILIZES 
MAGNETIC AMPLIFIER 


yore ceimaaeeall Mee 


¢ REFERENCE TEMPERATURES from 25° F above 
F — special models for reference 
temperatures below ambient. 

CHANNEL CAPACITY 6 to 100 channels in stand- 
ard 110 volt rack or cabinet models, 
MULTI-WIRE junctions for thermocouple choice in 
each channel. 

THERMOCOUPLE TABLES for 150° F reference 


available. Write for your copy. 


PACE engineering company 


Phone POplar 5-0453 


ambient to 250° 


RIGID 
STEM 








coy St., North Hollywood, California 


CIRCLE NO. 105 ON PAGE 91 


104 ISA Journal 





Data-Link Converter 


Brochure, 4-pages, describes a high speed 
data-link converter system. Basic equip- 
ment consists of two solid-state analog- 
digital converters designed for 9-bit 
straight binary digital encoding and de- 
coding. This highly accurate system can be 
applied to standard telephone or micro 
wave link transmission media. Epsco 

CIRCLE NO. 452 


Electronic Computing System 


Brochure, 6-pages, describes a_ fully- 
transistorized, electronic, stored-program, 
general-purpose computing system. Gives 
specifications, describes components and 
applications. Systems are for both engi- 
neering and business data processing. Roy- 
al McBee. CIRCLE NO. 453 


Soaking Pit Controls 


Four types of soaking pit control sys- 
tems with varying requirements, are de- 
scribed in detail in a 12-page illustrated 
brochure. Transition from hydraulic to 
pneumatic to solid-state controls is out- 
lined. Hagan CIRCLE NO. 454 


Miniature Connectors 


Colored 6-page catalog lists four basic 
series of miniature connectors—solder type, 
snap-in type, rack-and-panel type, and 
hermetic type. Contains specifications, in- 
terchangeabilty tables and cutaway draw- 
ings. Deutsch Co. CIRCLE NO. 455 


Digital Logic Module 


New solid-state switching circuit module, 
capable of reliable operation at input 
pulse repetition rates of 5 mc, is covered 
in 4-page bulletin. Typical applications 
and lists of physical, electrical, and en- 
vironmental characteristics of the logic 
module are included. Tele-Dynamics 

CIRCLE NO. 456 


Cathode-Ray Tube 


Literature is available covering a new 
cathode-ray type tube for direct electronic 
printing at high speed on nonsensitized 
dielectric material. Applications for this 
product include high speed computer 
readout, military tactical display maps, 
oscillography, etc. Litton Industries. 

CIRCLE NO. 457 


Laboratory Monitor 


Literature is available describing an 
economical instrument for general labora- 
tory counting, hot-cell monitoring and 
class demonstrating. Instrument features 
5 counting-rate ranges from 50 to 500,000 
cpm. A probable error switch permits op- 
erator to select 2%, 6% or 25% counting- 
rate probable errors. Other advantages in- 
clude aural monitoring through a 4” 
speaker, and variable input sensitivity of 
from 0.25 to 5.0 volts. Outputs for both 
current- and voltage-type chart recorders 
are provided. Victoreen Instrument. 

CIRCLE NO. 458 








ANALOG COMPUTER 


ENGINEER 


The Standard Ohio Company (Ohio) has 
an immediate opening for an Analog 
Computer Engineer. A minimum ofa B.S. 
in Electrical Engineering or Physics and 
2-5 years analog experience is required. 
Applications are in the field of simula- 
tion and study of chemical and refining 
processes and process control systems. 
Salary commensurate with experience. 


Apply To: Mr. C. A. Bruggers 


THE STANDARD OIL COMPANY couio) 


1737 Midland Building « Cleveland 16, Ohio 





CONTROL ENGINEERS 


RW-300 COMPUTER SYSTEMS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company is 
seeking electrical or mechanical engineers with training or 
experience in feedback contro! system analysis, analog 

or digital computers, and instrumentation. Staff members 
at TRW Products work in small teams designing and 
evaluating RW-300 computer control systems for the 
process industries. Experience in the petroleum refining, 
chemical, steel, or electric power industries is particularly 
desirable. Applicants with advanced degrees are 
preferred. Those interested are invited to write: 


Dr. Thomas M. Stout, Process Analysis Department Manager 


THE THOMPSON-RAMO-WOOLDRIDGE 
PRODUCTS COMPANY 


a division of Thompson Ramo Wooldridge inc 


202 North Canon Drive + Beverly Hills, California 
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PROFESSIONAL 
LISTING 


Professional Listing and listing of consulting 
services (12 or 6 Times only) available in standard 
card size set uniform style 2-3/16 inches wide and 
1 inch deep 
12 times within 12-month period 

Cost per monthly insertion $9.00 
6 times within 6-month period 

Cost per monthly insertion --$10.00 





RECORDING CHARTS 


Now you can supply all your circular and 
strip recording chart needs from one source 
- Save time, money and paper work. Send 
for newly revised Stock List and Catalog 


TECHNICAL SALES CORPORATION 
189 Van Rensselaer St., Buffalo 10, New York 





ASSOCIATED CONTROL EQUIPMENT, INC. 
C. A. Dally, P. E. 


Engineering — Manufacturing 
Special Control Equipment and Systems 


Coraopolis, Pa. 
(Pittsburgh District) 


P. 0. Box 136 
Tel: AMherst 4-8161 








CHARLES W. WORLEY 

Analog Computer Consultant 
Analog Computer feasibility studies, education 
programs. Computer investigations for process 
design, instrumentation-control systems, an 
computer control. Service includes derivation 
of mathematical model, computer programming 
and operation, interpretation and reporting of 


Tel: SHadyside 7-5338 





Red Bank, N. J 








ISA MEMBERSHIP => 
BENEFITS 


are completely spelled out in the 
free booklet “Your Place In In- 
strumentation.” In it you will 
find all the benefits to manage- 
ment, engineers and_ technical 
personnel in the fields of meas- 
urement, testing, information 
handling, computation, and con- 
trol. Find out what this nation- 
wide organization can do for 


you today. Use coupon below: 


\ Membership Application 


Form Is Included 


— 


Instrument Society of America 
313 Sixth Ave., Pittsburgh 22, Pa. 

Please send me your free 
booklet, “Your Place In Instru- 
mentation” and a Membership 
Application Form. 
Name - — 
Address 

Zone___._ State 


ceeeeceeeeeecces & oa 
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new literature 





Precision Instrument Switches 


Illustrated 28-page catalog contains in- 
formation about hundreds of types of in- 
strument switches with various mounting, 
teminal styles, etc. Includes terminal-board 
reference charts, mechanical dimensions, 
engineering data and product descriptions. 


Cinema Engr. CIRCLE NO. 459 


Wire-Mesh Heating Element 


Catalog, 16-pages, gives complete tech- 
nical data concerning new wire-mesh heat- 
ing element with exceptional reliability. 
Versatility, physical properties and therm- 
al characteristics suit these elements fo 
use in aircraft, missile and space-age in- 
struments. Electrofilm, Inc. 

CIRCLE NO. 460 


Pulse Generators 


Bulletin covers pulse generators which 
provide two simultaneous pulses — similar 
to flip-flop plate outputs, but at higher 
power levels and with independent at- 
tenuation. Applications include time 
measurement studies, telemetering, mis- 
sile guidance coding, etc. Electro-Pulse. 

CIRCLE NO. 461 


Aircraft Test Set 


Bulletin describes an aircraft test set 
which incorporates in one instrument, a 
highly accurate means of measuring fre- 
quency, as well as a-c and d-c voltages. A 
phase checker for sensing the “dim” and 
“bright” phases in aircraft wiring systems 


is included. Airpax CIRCLE NO. 462 


Differential Pressure Indicator 


Data sheet furnishes information on an 
electrical differential-pressure gage and in 
dicator. Instrument is recommended foi 
air or gases; permits choice of 10 ranges 
0.01" thru 100” H.O full scale. Unit also 
finds use as a flowmeter. Features min 
imum pressure drop. Hastings. 

CIRCLE NO. 463 


Range Time Decoder 


Bulletin describes new search-and-con 
trol device for automatic utilization of 
range-time signals. The decoder is simple, 
extremely 
smaller than similar existing equipment. 
CIRCLE NO. 464 


dependable, economical and 


Arnoux Corp 


Size 18 Servomotors 


New 16-page catalog describes full line 
of size 18 servomotors. Catalog contains 
typical unit characteristics, specifications, 
dimensions and torque-speed curves; di- 
rectly adaptable to engineer's needs. Heli- 
pot CIRCLE NO. 465 


TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 





\ LIQUID 
\ 














Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Differential Pressure 
Inclined Manometers for draft. 
pressure or differential pressure. 


SEND FOR BULLETINS 
UEHLING INSTRUMENT CO. 


463 GETTY AVE., PATERSON,N. J. 
CIRCLE NO. 107 ON PAGE 91 


A1A-F 


PIC 

MASTER 

CATALOG 
#2] 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS* CLUTCHES « 
BEARINGS * COUPLINGS « DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts 

& Components. 


Send For Your 
Copy Today. 


PIC DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 
477 Atlantic Ave., East Rockaway, L.l., N.Y 


CIRCLE NO. 108 ON PAGE 91 








classified 
advertising 


POSITIONS WANTED: 75c per line. minimum 
three lines. Box number counts as one line. 
Pavable in advance. No discount. 

POSITIONS OPEN, etc.: $1.50 per line, mini- 
mum three lines. Box number counts as one 
line. 

50 characters and spaces per line 

DISPLAY AD (up to 4%”): $14.00 per column 
inch. Minimum 1 column inch. 

All other size ads—standard advertising rates 

apply. 

Sony must reach the ISA Journal, Granite Bidg., 

313 Sixth Ave., Pittsburgh 22, Pa., not later than 

10th of month preceding date of publication. 








REPRESENTATIVES WANTED 





MANUFACTURERS REPRESENTATIVE 
WANTED. Co. manufacturing potentiome- 
ter instrument accessories desires repre- 
sentatives to sell its line of accessories 
and instruments. Many territories open 
Please include brief resume of experience 
and territory covered. Write Box 2137, c/o 
ISA Journal. 





FIELD ENGINEER FOR IN-PLANT 
INSTRUMENT CALIBRATION 


Engineer or technician experienced in check- 
ing and calibration of electrical instruments 
and test apparatus. preferably as used in elec- 
tric wire and cable plants. Permanent full 
time field work, substantial travel and heavy 
personal respons'‘bilitv.§ Old line organization 
Send resume and salary requirement to Box 
No. 2134, c/o ISA Journal 








PRODUCT SALES 
MANAGER 


Graduate engineer with industrial sales and 
administrative experience for new challenging 
position. Must be familiar with instrumenta- 
tion of chemical process industries. Pittsburgh 
area location, Travel. Excellent company em- 
ployee policies. Salary open 

Send complete resume with covering letter to: 


Personnel Manager 
HAGAN CHEMICALS G CONTROLS, INC. 


Ox 4 
Pittsburgh 30, Pennsylvania 


INSTRUMENT 
ENGINEERS 


Responsible positions for graduate 
Chemical, Mechanical, Electrical 
engineers experienced in pneumat- 
ic and/or electronic instrumenta- 
tion in the petroleum, chemical or 
power fields. Must be capable of 
supervising instrument engineering 
on large projects; instrument ap- 
plication, specifications, installa- 
tion, panel and console design, etc. 
Liberal relocation allowances to 
San Francisco for you and your 
family. 

Send confidential resume to: 
George !. Copeland 
Manager of Personnel 
Personal interviews will be ar- 
ranged for qualified candidates. 


BECHTEL 
CORPORATION 


220 Montgomery Street 
San Francisco, California 

















Stone Automatic Titrator 


Booklet tells what a Stone Automatic 
litrator is; how it works and how it can 
be used. Instrument will find its greatest 
use in industries where a chemical labora 
tory performs routine analyses for testing 
products, or in controlling processes. Ap 
plications are in iron and steel, food prod- 
ucts, rubber, plastics, paper and pulp, and 
nonmetals industries. E. Leitz, Inc. 
CIRCLE NO. 466 


Wind Velocity Transmitter 


Bulletin, 12-pages, features a transmitter 
or anemometer, capable of reading wind 
velocity in three’ units—kilometers/hr, 
miles/hr and knots. A portable wind re- 
cording station also is covered. Complete 
specifications and numerous illustrations 


are included. Gurley CIRCLE NO. 467 


Precision Electronic Instruments 


New general catalog presents wide range 
of precision instruments including fre- 
quency measuring equipment, deviation 
meters, voltage dividers, special purpose 
transformers, peak pulse voltmeters, et« 
Each instrument is illustrated and a refer 
ence made to its specific bulletin. Gertsch 


Products CIRCLE NO. 468 


Recording Thermometer 


One of the interesting articles in a 64 
page booklet concerns a recording thet 
mometer for even the lowest budget. This 
instrument is ideal for high-school and 
college use. It can also be used to record 
temperatures in humidity cabinets, refrig 
erators, incubators, etc. Many unique top- 
ics are presented in this booklet entitled 
“The Laboratory.” Fisher Scientific 

CIRCLE NO. 469 





Challenging 
Opportunity 

In . 
Instrumentation 
Standards 

Field 


Wanted: Graduate engineer with 
broad experience in industrial in- 
strumentation. New position has 
been created for aggressive indi- 
vidual to plan, organize, and ad- 
minister an extensive standards 
program covering all phases of 
instrumentation. Standards expe- 
rience and/or instrument design 
and application necessary. Elec- 
tronics background desirable. 
Send resume to Box 2135, c/o 
ISA Journal. 
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CONFERENCE CALENDAR 





APRIL 1960 


April 18-19 — Third Annual Conference 
on Automatic Techniques, Cleveland, 
Ohio. Sponsors: AS IR IEE. 
Contact: Publicity Chairman, 
530, 1213 West 3rd St., Cleveland. 


Room 


April 19-21—International Symposium on 
Active Networks and Feedback Sys- 
tems, New York City. Sponsor: Micro- 
wave Research Institute, Polytechnic 
Institute of Brooklyn. Contact: Spon- 
sor, 55 Johnson St., Brooklyn 1, N.Y. 


April 20-22—Symposium on Manned Space 
Stations, Los Angeles, Calif. Sponsors: 
IAS, NASA, Rand Corp. Contact: IAS, 
2 East 64th St., N. Y. 21, N. Y. 


April 20-22—1960 IRE Southwestern Con- 
ference and Electronics Show, Sham- 
rock-Hilton, Houston, Texas. Contact 
_—- P. O. Box 22331, Houston 27, 

exas. 


* April 27-29—6th Annual ISA Southeastern 
Conference and Exhibit; with ISA Pul 
and Paper Instrumentation Symposi- 
um, Pensacola, Fla. Sponsor: Pensacola 
Section ISA. Contact: W. H. Matthews, 
Chemstrand Corp., P. O. Box 1507, 
Pensacola, Fla. 


April 20-22—Texas A&M Symposium on 
Instrumentation, Texas A&M. Bryan, 
Texas. Sponsur: Texas A&M. Contact: 
John F. Pink, Southwestern Industrial 
Electronics, 10201 Westheimer Rd., P.O. 
Box 13058, Houston 19, Texas. 


MAY 1960 


*May 2-3—ISA National Symposium on 
Safety for Electrical Instrumentation 
in Hazardous Areas, Wilmington, Del. 
Contact: Director, Technical and Edu- 
cation Services, ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 


*May 2-5—6th National ISA Flight Test 
ie ag ome San Diego, Calif. Contact: 
Cheney, Flight Test Symposium, 

P.O. Box 555, San Diego 10, Calif. 


May 2-6—Western Joint Computer Confer- 
ence, San Francisco, Calif. Sponsors: 
IRE, ACM, 


*%May 9-l11—3rd National ISA Power In- 
strumentation Symposium, San Fran- 
cisco State College, San _ Francisco, 
Calif. Contact: Director, Technical & 
Educational Services, ISA, 313 6th 
Ave., Pittsburgh 22, Pa. 


*%May 9-12 — ISA Instrument-Automation 
Summer Conference and Exhibit, Civic 
Auditorium and Brooks Hall, San 
Francisco, Calif. Contact: William 
Kushnick, Executive Director, ISA, 
313 6th Ave., Pittsburgh 22, Pa. 


*Denotes ISA Sponsored or Participating Meeting 


May 17-18—Symposium on Superconduc- 
tive Techniques for Computing Sys- 
tems, Washington, D.C. Sponsor: Infor- 
mation Systems Branch, Dept. of the 
Navy. Contact: Miss Josephine Leno, 
Code 430A, —s of Naval Research, 
Washington 25 pa 


May 23-25 — 9th National Telemetering 

onference, Miramar Hotel, Santa 
Monica. Calif. Sponsor: ISA with AIEE, 
ARS, IAS and IRE cooperating. Con- 
tact: Director, Technical & Education- 
al Services, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


May 24-27—Australian Conference on Auto- 
matic Computing and Data Processing, 
Sydney, Australia. Sponsor: Australian 
National Committee on Computation 
and Automatic Control. Contact spon- 
sor, c/o The Institution of Engineers, 
Science House, 157 Gloucester St., Syd- 
ney, Australia. 


JUNE 1960 


*xJune 1-3—6th Annual ISA Instrumenta: 
Methods of Analysis Symposium, Mon- 
treal, Canada. Contact. Director, Tech- 
nical and Education Services, ISA, 313 
6th Ave., Pittsburgh 22, Pa. 


June 22-24—1960 Conference on Standards 
and Electronic Measurements, Boulder, 
Colorado. Sponsors: AIEE, NBS, IRE. 
Contact: James F. Brockman, National 
Bureau of Standards, Boulder, Colo- 
rado. 


wxJune 25-July 5—First International Con- 
Gest for Automatic Control, weqsow. 
SSR. Sponsors: AACC (ISA. ASM 
AIEE, AIChE, IRE) Contact: Prof. Ne 
fus Oldenburger, Purdue University, 
Lafayette, Ind. 


JULY 1960 


July 11-293—Summer Course in Process 
Control Theory, Case Institute of 
Technology. Contact: Dr. D. P. Eck- 
man, Academic Director, Process Con- 
trol Theory Course, Case Institute of 
Technology, University Circle, Cleve- 
land 6, Ohio. 


SEPTEMBER 1960 


*%September 7-93—Joint Automatic Control 
Conference, MIT, Cambridge, Mass. 
Sponsors: AIEE, ASME, AIChE, IRE, 
ISA. Contact: Dr. James Mozley, John 
Hopkins U., Baltimore, Md. 


*%September 26-30—ISA Instrument-Auto- 
mation 15th Annual Conference and 
Exhibit, New York Coliseum, New 
York City. Contact: William Kushnick, 
Executive Director, ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 


OCTOBER 1960 


% October 31-November 2 — 13th Annual 
Conference on Electronic Techniques 
in Medicine and Biol . Sheraton 
Park Hotel, Washington, . C. Spon- 
sors: IRE, ISA. Contact: Dr. R. L. Bow- 
man, National Heart Institute, Bethes- 
da 14, Maryland. 


JANUARY 1961 


*January 16-19--ISA Instrument Automa- 
tion inter Conference and Exhibit, 
Kiel Auditorium, St. Louis, Missouri. 
Contact: William H. Kushnick, Execu- 
tive Director, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


JUNE 1961 


*xJune 5-8 — ISA Instrument-Automation 
Summer Conference and Exhibit, 
Queen Elizabeth Hall, Toronto, Onta- 
rio, Canada. Contact: William H. Kush- 
nick, Executive Director, ISA, 313 6th 
Ave., Pittsburgh 22, Pa 


SEPTEMBER 19351 


*xSeptember 11-15—ISA Instrument Auto- 
mation Conference and Exhibit and 
16th Annual Members Meetina, Sports 
Arena, Los Angeies, Calif. Contact: 
William H. Kushnick, Executive Di- 
eer ISA, 313 6th Ave., Pittsburgh 

, Pa. 


MARCH 1962 


* March 26-29—ISA Instrument-Automation 
Spring Conference and Exhibit, Mem- 
orial Auditorium, Dallas, Texas. Con- 
tact: William H. Kushnick, Executive 
Director, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


JUNE 1962 


*xJune 11-14—ISA Instrument Automation 
Summer Conference and Exhibit, Con- 
vention Hall, Seattle, Washington. Con- 
tact: William H. Kushnick, Executive 
Director, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


SEPTEMBER 1962 


*September 10-13 — ISA Instrument-Auto- 
mation Conference and Exhibit and 
17th Annual Members Meeting. Public 
Auditorium, Cleveland, Ohio. Contact: 
William H. Kushnick, Executive Di- 
sootes. ISA, 313 6th Ave., Pittsburgh 

2. 


SEPTEMBER 1963 


xSeptember 23-27—-ISA Instrument-Auto- 
mation Conference and Exhibit and 
18th Annual Members Meeting, Con- 
vention Hall, Philadelphia, Pa. Con- 
tact: William H. Kushnick, Executive 
a. ISA, 313 6th Ave., Pittsburgh 
22, Pa. 


SEPTEMBER 1965 


neegeeniee 27-October 1—ISA Instrument 
utomation Conference and Exhibit 
and 20th Annual Members Meeting, 
Exposition Center, Chicago, Ill. Con- 
tact: William H. Kushnick, Executive 


Director. ISA, 313 6th Ave., Pitts- 


burgh 22, Pa. 





COMING YOUR WAY 


Calif., 





6th Annual ISA Southeastern Conference and Exhibit and ISA Pulp and 
Paper Instrumentation Symposium, Pensacola, Fla., April 27-29 


ISA Symposium on Safety for Electrical Instrumentation in Hazardous 
Areas, Wilmington, Delaware, May 2-3 


6th National ISA Flight Test Instrumentation Symposium, San Diego, 
May 2-5 


3rd National ISA Power Instrumentation Symposium, San Francisco, 
Calif., May 9-11 


9th National Telemetering Conference, Santa Monica, California, 
May 23-25 


PLUS THE “BIG SHOWS” 


ISA Instrument-Automation Summer 
Conference and Exhibit 
— SAN FRANCISCO — 
May 9-12 


- * * 


ISA Instrument-Automation Conference 
and Exhibit and 15th Annual Meeting 
— NEW YORK — 
September 26-30 








ISA Journal 
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Whatever your particular requirement or special preference in industrial control valves, operators, and accesso- 


ries—you'll find it under the famous General Controls “‘roof:’ Pneumatic, electric direct drive, electro-hydraulic; 
pressure reducing valves, regulators, safeties and flow tubes—you name it, we'll deliver it. And every General 
Controls product is backed by an international sales and service organization. Nine plants, 44 factory branch 
offices, plus exclusive factory sales representatives—throughout the United States, Canada and Western Europe. 


At your service. Check the Yellow Pages for your local branch office or sales representative. 


HAMMEL-DAHL 
Now combined with the TORK-MASTER 


Foster Engineering Division in 

a modern 112,000 square - , These powerful electric gear 
foot plant in Warwick Rhode driven actuators are designed 
Island. the Hammel-Dah! to convert manual valves to 
Division produces a complete ere mop toe a 
line of pneumatic contro! valve bodies from line 

valves diaphragm or piston Eliminates costly down time- 
operated, split or integral ideal for centralized control 
bodies for every application. from remote point. 


| HYDRAMOTOR® 
FOSTER , A product of General 


: ” . , Controls own research and 
ong a prominent “name development program, the 
in the field of heavy duty Hydramotor® is one of the 
steam reducing valves most widely used industrial 
regulators, high pressure valves in the country. By 
safety valves, and a pioneer combining the powerful 
of the famous Gentile® flow | electro-hydraulic operators 
tube, the Foster Engineering with a variety of valve bodies, 
Division adds a new the Hydramotor® offers 
dimension to the General tremendous power for 
Controls line of industrial high-pressure, high-flow 
a and applications. Fail-safe, simple 
ies. two-wire control. 
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~ xe GENERAL CONTROLS 


801 Allen Avenue, Glendale 1, California 
Warwick Industrial Park, Warwick, Rhode Island 
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Electronic Flow Control System built by 
GPE Controls brings you the highest possible 
degree of dynamic accuracy. Three times as fast as 
other systems. Outstandingly reliable. Adaptable to 


nearly all flow control jobs. Ready for you now at 


surprisingly low cost. Easy, inexpensive installation: 


Simple unshielded wiring, no air compressors, no 
separate hydraulic pumps, no tubing connections. 


Low maintenance; unequalled performance. 
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776F Flow Transmitter 


Lowest differential pressure require- 
ment of any transmitter — as low as 3” 
w.c. for maximum output of 25 volts d.c. 
at power levels up to 5 watts. Permits 
use of larger orifices; transmission over 
greater distances with simple un- 
shielded wiring; simultaneous operation 
of controllers, recorders, etc. Automatic 
square root extraction for straight sum- 
marization of flows, highest accuracy at 
large turndowns. Fully transistorized... 
no vacuum tubes. 


R462 Flow Indicating Controller 


Complete linear indication of both set 
point and process — not just an error 
indication. Set point and process scales 
are parallel, for fast visual comparison. 
Manual/automatic control. Valve posi- 
tion indicator is optional. Outstandingly 
simple in design and construction. No 
vacuum tubes, no transistors. Compact 
panel-mounting, easy installation. 





A 


687 Electro-Hydraulic Valve Actuator 


The simplest, lowest-cost way to oper- 
ate a control valve from an electric 
signal. This model positions 4” double- 
seated vaive at 1000 p.s.i. pressure drop 
Completely self-contained. Feedback 
through process for true integral con- 
trol... proved most reliable in more 
than 10,000 installations with up to 30 
years operating experience. Automatic 
locking with power failure simplifies 
start-up of process. 


Write for descriptive literature 


GPE Controls, Inc. 
240 East Ontario Street « Chicago 11, lilinois 


GENERAL 
PRECISION 
COMPANY 


oF Ont OLE. 














A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 
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